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Abstract 
Penaeid shrimp (Crustacea: Decapoda: Penaeidae) is one of the most commercially 
important seafood in the world and is widely cultured in many Asian countries. However, 
knowledge on the reproductive biology of penaeid shrimp remains incomplete and superficial. 
The molecular events during ovarian maturation of penaeid shrimp are poorly understood. 
Limited information on maturation in penaeids becomes an obstacle in the further 
development of culture technique in shrimp farming such as broodstock maturation. This 
study aims to investigate ovarian maturation of the shrimp, Metapenaeus ensis. It provides 
information on the changes in ovary of M. ensis during maturation. 
Gonad-inhibiting hormone (GIH), one of the important neuropeptides involved in 
malacostracan reproduction, functions in inhibiting vitellogenesis. In this study, circulating 
GIH level in hemolymph of M. ensis during ovarian maturation was determined by indirect 
ELISA system. After optimization, the ELISA system developed in the present study can 
detect as little as 0.2 ng of GIH molecule when tested by recombinant GIH peptide. The 
results showed that the circulating GIH level in hemolymph of M. ensis was the highest at the 
immature stage of ovarian development. The level of GIH dropped dramatically and 
maintained low at subsequent stages of ovarian maturation. The high level of GIH at the 
immature stage is consistent with the vitellogenesis-inhibitory role of GIH. It is likely that 
the drop of circulating GIH level initiates the onset of vitellogenesis. 
In order to understand the molecular mechanisms of ovarian maturation in penaeid 
shrimp, RNA fingerprinting by arbitrarily primed PGR (RAP-PCR) was used to identify genes 
that are differentially expressed during ovarian maturation in Metapenaeus ensis. From a 
screening of 500 clones in a cDNA library of the shrimp ovary by the products of RAP-PCR 
at different maturation stages, 73 fragments that exhibited differentially expressed pattern as 
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revealed by dot-blot hybridization were isolated and sequenced. Thirty-five of these 
fragments show significant sequence similarity to known gene products and the differentially 
expressed pattern of eight putative genes were further characterized using Northern 
hybridization. They include translationally controlled tumor protein (TCTP), actin, keratin, 
heat shock cognate 70 kD protein (hsc70), glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH), arginine kinase, high mobility group 1-like protein (HMGl-like protein) and 
nucleoside diphosphate kinase, 
TCTP and actin were found to be highly expressed at immature stage while keratin was 
highly expressed at mature and late mature stages indicating the organization of various 
cytoskeletal structures at different stages of maturation. Transcript of GAPDH was found to 
be the highest at immature stage while high level of arginine kinase expression was observed 
at early stages of ovarian development as well as at late mature stage. The expression 
patterns of GAPDH and arginine kinase reveal a high energy demand during early stages of 
ovarian development and a short burst of energy requirement at late phase of maturation. 
The high expression level of hsc70 at immature stage suggests its function in endocytosis and 
acting as molecular chaperone. High level of transcript of HMGl-like protein at immature 
stage was found to drop dramatically at subsequent stages indicating the repressor function of 
transcriptional regulation on the onset of maturation. The expression level of nucleoside 
diphosphate kinase was high at early and intermediate stages of maturation while expression 
decreased at late mature and ripe stages suggesting the transcriptional regulation of late 
maturation by this enzyme. 
The molecular changes of ovary during maturation were postulated. During the course 
the ovarian maturation, organization of various kinds of cytoskeleton is involved to provide 
framework for organelles positioning, chromatin movement and cell shape maintenance. 
Moreover, molecular chaperone is implicated in stabilizing the nascent protein synthesized at 
the early stage of ovarian development. Various enzymes for ATP synthesis are therefore 
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demanded for active cell activities during these stages. On the other hand, the onset and the 
progress of ovarian maturation seem to be regulated by repressive transcriptional factors. At 
present, there is little information concerning the molecular changes of ovary during 







的 一 大 障 礙 。 故 此 硏 究 項 目 的 目 的 是 調 查 刀 額 新 對 暇 力 的 卵 巢 成 熟 。 此 
硏究集中調查當卵巢成熟時，刀額新對暇卵巢的改變。 
生殖腺抑制激素(gonad-inhibiting hormone, GIH)是軟甲亞綱(Malacostraca)中其中一 
種牽涉生殖的神經素縮氣酸 ( n e u r o p e p t i d e ) � 其功能在於抑制卵巢的卵黃生成 








應(arbitrarily primed PGR, RAP-PCR)去辨認卵巢成熟過程中的差異基因表達(differential 
gene expression)�於反向轉錄DNA庫(cDNA library)中，我們利用RAP-PCR的產物去審 
查了 500克隆。顯現於點漬配分析(dot-blot hybridization)裏，我們發現73個差異表達基 
因，其中35個與現存基因順序相似。利用Northern印跡法(Northern blot)，我們進一步 
硏究其中8個差異表達基因，它們包括翻譯控制腫瘤蛋白(translationally controlled tumor 
protein, TCTP)�肌動蛋白 (ac t in)�角蛋白 (kera t in)�熱休克蛋白 70(heat shock cognate 70, 
hsc70)�3-磷酸甘油醒脫氫酶(glyceraldehydes-3-phosphate dehydrogenase, GAPDH)�精氨 
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酸激酶(arginine kinase)�高動蛋白(high mobility group l-like protein, HMGl-like protein) 
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Chapter 1 一 Introduction and literature review 
Chapter 1 - Introduction and literature review 
General introduction 
As the demand for seafood increases, aquaculture has become a fast growing 
industry in recent years. Shrimp farming is one of the rapidly developed aquacultural 
industries since 1980's. According to the statistics from FAO, the world production of 
cultured shrimp has reached 850,000 metric tons in 2000, contributed to about 30% of 
worldwide shrimp production. Penaeid shrimp (Crustacea: Decapoda: Penaeidae) is 
the dominant family in crustacean aquaculture and is widely cultured in many Asian 
regions including China, Thailand, Malaysia, Philippines and Taiwan. However, 
knowledge about the reproductive biology of penaeid shrimp remains incomplete and 
superficial. The molecular basis implicated in ovarian maturation of penaeid shrimp is 
poorly understood. Limited information about maturation in penaeids becomes an 
obstacle in the further development of culture technique in shrimp farming such as 
broodstock maturation. Hence, research on ovarian maturation of penaeid shrimp has 
both biological and economical significance. 
The environment in captivity is very different from the wild in terms of 
temperature, light intensity, light periodicity, tidal pattern, population density, diet, etc. 
The difficulty in duplicating these environmental factors in the culture environment 
attributes to the failure of maturation and spawning in cultured penaeids (Avault, 1996; 
Medina, et al., 1996). Moreover, the life cycle of penaeid shrimp generally involves 
the migration of adults from inshore nursery ground to offshore where spawning occurs 
(Cheung, 1963; Neal and Maris, 1985). This reproductive habit cannot be carried out 
in captivity and may become an obstacle in maturation and spawning of penaeid shrimp. 
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Therefore, the broodstock used in the present shrimp farming practice still depends on 
the wild and such type of culture is an open-cycle operation (Avault, 1996). 
Dependence of wild broodstock comes with many disadvantages. For instance, the 
supplies are unpredictable each year and subjected to natural variations; the availability 
of seed is only restricted in spawning season and areas and so on. Moreover, there is 
the problem of overexploitation of wild stock, which has a detrimental effect on the 
ecosystem (Reay, 1979). In order to solve the problem, alternatives to induce 
maturation of female shrimp in captivity should be adopted. 
The current practice to induce spawning in some cultured penaeid shrimp 
species such as Penaeus mono don relies on the traditional method of eyestalk ablation 
(Santiago, 1977; Kelemec and Smith, 1980; Provenzano, 1985; Lee and Wickins, 1992). 
The operation of eyestalk ablation removes the neurosecretory center which secretes a 
hormone that inhibits vitellogenesis and maturation of malacostracans 
(Charniaux-Cotton and Payen, 1988; Charmantier et al., 1997). However, the 
neurohormones secreted in this neurosecretory center are also responsible for the 
regulation of many important metabolic processes such as molting, glucose metabolism 
and pigment dispersal. Hence, the utilization of eyestalk ablation to induce spawning 
in shrimp usually comes with high mortality, poor spawning rate and poor larval 
survivorship (Huberman, 2000). 
A major goal in shrimp farming focuses on the manipulation of the reproduction in 
penaeid shrimp so that the 'seed' (i.e. postlarvae used in stocking shrimp pond) supply 
is sustainable. Reproduction can be manipulated by exogenous hormonal treatment 
(injection of hormone stimulating ovarian maturation) or immunization (injection of 
antibodies against hormone inhibiting ovarian maturation). This would be a critical 
step for the induction of ovarian maturation and a significant breakthrough in current 
aquacultural technique. 
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Fundamental understanding on ovarian maturation of penaeid shrimp is of vital 
importance for the development of technique for broodstock maturation. The ovary is 
one of the most dynamic organs in organisms which undergo dramatic changes during 
development. Hence, this chapter will review the major changes occurring in ovary 
during maturation including structural and biochemical changes. The endocrine 
control of ovarian maturation will also be discussed. The review will mainly focus on 
penaeid shrimp but will also include other decapod species when necessary. The life 
history and reproductive biology of Metapenaeus ensis, the species used in this research, 
will be outlined in the last part of the chapter. 
1.1 Structural changes in ovary of penaeid shrimp during maturation 
When the ovary of penaeid shrimp develops and becomes mature, it undergoes 
dramatic size increment and diverse structural changes in order to prepare materials 
necessary for spawning and early larval development. This section outlines the major 
structural changes of ovary in penaeid shrimp during maturation. The following 
description is mainly based on the observations on oocyte development in penaeid 
species including Sicyonia ingentis (Anderson et al, 1984), Penaeus kerathurus 
(Medina et aL, 1996), Penaeus indicus (Mohamed and Diwan, 1994), Metapenaeopsis 
dalei (Sakaji et aL, 2000), Penaeus japonicus (Yano, 1988) and Penaeus monodon 
(Tan-Fermin and Pudadera, 1989; Quinitio et al., 1993). Based on histological studies, 
oocyte development in ovary of penaeid shrimp can be classified into six stages. 
1) Multiplication 
This is the earliest stage when the oocytes have not been completely developed. 
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Ovary at this stage is occupied by large and spherical oogonia which are strongly 
basophilic, located in the germinative zone (Charniaux-Cotton, 1985). The size of 
oocyte at this stage is around 10|Lim in diameter (Yano, 1988; Sakaji et al., 2000). 
2) Previtellogenesis 
When ovary of penaeid shrimp develops, it enters the stage of previtellogenesis 
(Yano, 1988; Krol et a!., 1992; Mohamed and Diwan, 1994; Sakaji et al., 2000). 
Previtellogenic oocytes at this stage are formed by oogonial mitoses in the germinative 
zone. The size of oocyte increases to 30 - 120 j^ m in diameter, characterized by large, 
round germinal vesicle with strongly basophilic nucleoli. The germinal vesicle, which 
is an enlarged nucleus of oocyte, has a diameter of about 30 - 80 |im. Moreover, 
strongly basophilic chromatin materials can be found in the germinal vesicle indicating 
the existence of numerous nucleoli. Follicle cells can be observed surrounding the 
oocytes but are arranged as an epithelial layer of cells. The germinal vesicle indicates 
active RNA synthesis in this stage. Ribosomes and rough endoplasmic reticulum 
(RER) develop at a rapid rate (Charniaux-Cotton, 1985). 
3) Primary vitellogenesis 
The oocytes at this stage measure 90 - 170 |Lim in diameter (Yano, 1988; Quinitio et 
al., 1993; Sakaji et al., 2000). The ooplasm is weakly basophilic. Numerous oil 
globules exist in the ooplasm evidenced by the positive Sudan black treatment. 
Besides, germinal vesicles reduce in size to a diameter of 14 - 50 |Lim as compared to 
the previous stage. Simultaneously, follicle cells expand in term of cell size and cell 
number. Obviously, the expanded follicle cells have an important role in the 
maturation of oocytes. A possible function of follicle cells is the synthesis of ovarian 
vitellogenin (Yano et al,, 1996). Vitellogenin can be detected in hemolymph of 
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penaeid shrimp at this stage (Yano, 1984). Oil globules appear just before the yolk 
granules existence indicating their function related to the initiation of vitellogenesis. 
4) Secondary vitellogenesis 
This stage takes place only during the reproductive season and leads to spawning 
(Charniaux-Cotton, 1985). The oocytes grow synchronously to 150 - 260 |Lim in 
diameter (Yano, 1988; Tan-Fermin and Pudadera, 1989; Medina et al., 1996; Sakaji et 
al., 2000). Secondary vitellogenesis is characterized by the appearance yolk granules 
in the ooplasm. The yolk granules are strongly acidophilic, with a diameter of 2 - 4 
fim. At the beginning of secondary vitellogenesis, the yolk granules are visible in the 
central part of oocytes. As the oocytes mature, the granules spread peripherally and 
distribute uniformly in ooplasm. In addition, germinal vesicles or nuclei shrink and 
further reduce in size compared to the previous stages. Also, the shrunken nuclei 
begin to migrate to peripheral part of oocytes and become unobvious. In some species, 
cortical crypts (cortical specialization in the cortex of oocyte) begin to appear. 
Microvilli are observed across the vitelline layer (Charniaux-Cotton, 1985). 
5) Maturation 
In this stage oocytes are fully mature and ready for ovulation (spawning). The 
diameter of oocyte increases from 10 |Lim at the multiplication stage to 170 — 300 |Lim at 
this stage (Martosubroto, 1974; Yano, 1988; Tan-Fermin and Pudadera, 1989; Medina 
et al., 1996). Vitelline envelopes (a coat of proteins laid down by the oocyte before 
ovulation) are obvious. Nuclei shrink further and become nearly invisible in the 
periphery of membrane. Finally, nuclei disappear during a process called germinal 
vesicle break down (GVBD). Cortical crypts are now obvious in the peripheral part of 
oocytes. The occurrence of cortical crypts, which are composed of glycoprotein, is 
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one of the important criteria to identify the stage of maturation (Dall et al., 1990). It is 
known that cortical crypts release materials which are the precursor of the jelly coat of 
egg exposed to seawater. However, cortical crypt is not found in all penaeid species, 
such as not in M, dalei (Sakaji et al., 2000). 
6) Degeneration 
At this stage, the ovary is spent and the remaining oocytes are degenerated. The 
degeneration of oocytes is mediated by follicle cells. The characteristics of oocytes 
are similar to those at previtellogenic stage but can be distinguished by their irregular 
shape and dark color after staining (Tan-Fermin and Pudadera, 1989; Medina et al., 
1996). Moreover, the layer of follicle cells becomes thick indicating their function in 
retracting of oocytes during degeneration. 
Much work has been done to study the occurrence of ovarian maturation in 
pond-reared shrimp. It is found that fully mature oocytes could not be detected in the 
ovary of pond-reared shrimp compared to wild caught shrimp (Medina et al, 1996). 
Wild-caught broodstocks of Penaeus monodon produce significantly greater number of 
eggs than pond-reared broodstocks (Menasveta et al., 1993). The reason for the 
inability of vitellogenin and cortical crypts synthesis in pond-reared shrimp is still 
unknown. It is likely that the performance of ovarian maturation and spawning is 
related to the diet and hormonal fluctuation. These two aspects, which greatly affect 
the ovarian maturation of penaeid shrimp, will be discussed more thoroughly in 
sections 1.2 and 1.3. 
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1.2 Biochemical and physiological changes in ovary of penaeid shrimp 
during maturation 
During maturation, the increase in size of the ovary of penaeid shrimp is attained 
by huge uptake, conversion and synthesis of carbohydrate (glycogen), proteins, lipids 
and other nutrients. These biochemical metabolites increase from low level in early 
maturing ovary to high level in late mature ovary. The increase in biochemical 
metabolites is due to an important cellular activity occurred during ovarian 
maturation — vitellogenesis (production and accumulation of yolk in oocytes). In this 
section, variation of biochemical metabolites including proteins, lipids and other 
nutrients during ovarian maturation will be reviewed. The role of these biochemical 
metabolites in maturation of penaeid shrimp will also be discussed. 
1.2.1 Variation of protein content 
1.2.1.1 Changes of proteins in ovary of penaeid shrimp during maturation 
Total ovarian protein content increases significantly during maturation of penaeids 
such as Parapenaeopsis hardwickii (Kulkarni and Nagabhushanam, 1979) and Penaeus 
indicus (Read and Caulton, 1980). Cariolou and Flytzanis (1993) have characterized 
in detail the protein content in ovaries of Penaeus vannamei. The gel patterns of 
polypeptides revealed in 2D-PAGE showed notable differences between immature and 
mature ovaries. At least five additional polypeptides were present in mature ovary but 
not in immature ovary indicating new protein synthesis during maturation. In addition, 
at least three polypeptides showed quantitative differences, either increased or 
diminished, from immature stage to mature stage. 
Among various protein components in vitellogenic ovary of crustaceans, vitellin 
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constitutes the dominant group of yolk protein in the egg. It is a nutritive material 
essential for embryonic and early larval development. This yolk protein contributes 
60% to 90% of the total protein within egg (Eastman-Reks and Fingerman, 1985). 
Vitellin in decapod crustacean is a high density lipoglyco-carotenoprotein complex 
which is composed of proteins, lipids, carbohydrates, carotenoid and some steroid 
hormones (Adiyodi, 1985; Quackenbush, 1991). During vitellogenesis, vitellin 
accumulates in oocytes and appears as membrane-bound spheres within oocytes 
(Adiyodi, 1985). Vitellogenin is believed to be the precursor form of vitellin. 
During vitellogensis, vitellogenin is released into hemolymph. The level of 
vitellogenin in hemolymph of Penaeus japonicus rapidly increased at vitellogenic stage 
(Safiah et al” 2000). Vitellogenin is then taken by the oocytes and processed into 
vitellin, mainly by glycosylation (Khayat et al., 1994). Because of the presence of 
large amount of vitellin in crustacean ovary and its important role in reproduction, there 
have been numerous investigations on biochemical characterization of vitellin. The 
major findings are reviewed below. 
1.2.1.2 Biochemical characterization of vitellin 
One of the goals in the studies on shrimp vitellogenesis is the purification and 
biochemical characterization of vitellin (Vn). The molecular weight of Vn reported so 
far varies from about 300 to 500 kDa (Charniaux-Cotton, 1985; Kawazoe et al.’ 2000). 
The number of subunits in Vn ranges from 2 to 11. The results are summarized in 
Table 1.1. 
Regarding the amino acid components of native Vn, glutamate/glutamine, alanine 
and aspartate/asparagines are the major residues in Metapenaeus ensis (Qiu et al., 1997) 
and Penaeus mono don (Chang et al., 1994). The amino acid composition of Vn is 
similar among penaeids (Qiu et al., 1997). Many studies have demonstrated that 
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Table 1.1. Molecular weight of vitellin subunits reported in some commercially 
important shrimp 
Species Molecular weight (kDa) References 
Vitellin major subunits 
Penaeus monodon 540 74, 83, 90, 104, 168 Quinitio et al., 1990 
ND 74, 83, 104, 168 Chen and Chen, 1993 
492 35, 45, 49, 58, 64, Chang et ai, 1993 
68, 82, 91 
ND 45, 58, 74, 83, 104 Longyant et al., 2000 
Penaeus vannamei 289 61,69 Tom et al, 1992 
Penaeus semisulcatus ND 76,95,97, 103 Quackenbush, 1989 
283 86, 90 Tom et al, 1992 
283 50, 63, 80, 90 Browdy et al., 1990 
ND 80, 96, 158 Khayat et al., 1994 
ND 80, 120, 200 Lubzens et al,, 1997 
Penaeus chinensis 380 40, 58,78, 85, 105 Chang et al., 1996 
PenaeusJaponicus 530 91, 128, 186 Kawazoe et al., 2000 
Parapenaeus longirostris ND 45,66 Tom et al, 1987 
Metapenaeus ensis 350 76, 102 Qiu et al, 1997 
Sicyonia ingentis 322 85,91, 182 Tsukimura et al., 2000 
Macrobrachium rosenbergii 200 90,102 Yang et al, 2000 
ND, not determined. 
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vitellogenin (Vg) and vitellin (Vn) are immunological identical (Quinitio et al., 1989; 
Chang et al., 1994). Hence, it is considered that Vg and Vn have similar structure and 
amino acid composition. The large molecular weight of Vg/Vn makes the 
determination of cDNA sequence and cloning of Vg gene difficult. Tsutsui et al. 
(2000) first cloned and reported the full length cDNA for shrimp Vg from Penaeus 
japonicus. The open reading frame of this cDNA encodes 2,587 amino acid residues. 
cDNA for Vg in freshwater shrimp, Macrobrachium rosenbergii has also been 
reported (Okuno et al,, 2002). 
Concerning the processing of Vg into Vn, Longyant et al. (2000) and Okuno et al. 
(2002) proposed that after synthesis of various Vg subunits, they are cleaved into 
smaller subunits by endoprotease and released into hemolymph. These subunits then 
undergo further cleavage or modifications before sequestering into the ovary to form 
Vn. 
1.2.1.3 Site of vitellogenin synthesis 
Identification of the sites of vitellogenin (Vg) synthesis is also the subject of many 
studies. Ovary (Yano and Chinzei, 1987), subepidermal adipose tissue (Tom et al., 
1987b) and hepatopancreas (Yang et al., 2000) have been suggested to be the potential 
sources of Vg. 
The capability of the ovary in Vg synthesis is demdonstrated in many crustacean 
species such as crayfish, Procamharus sp. (Lui et al., 1974), crabs, Pachygrapsus 
crassipes (Lui and O'Connor, 1976; Lui and O'Connor, 1977) and Uca pugilator 
(Eastman-Reks and Fingerman, 1985), and shrimps Penaeus japonicus (Yano and 
Chinzei, 1987), Penaeus semisulcatiis (Browdy et al” 1990) and Penaeus mono don 
(Thurn and Hall, 1999). These investigations depended on in vitro incubation of 
ovarian tissue in medium contained radioactively labeled amino acid. In the shrimp, 
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Penaeus japonicus’ Vg synthesis was only found in ovary but not in hepatopancreas, 
suggesting that ovary is the sole source of Vg (Yano and Chinzei, 1987). Laverdure 
and Soyez (1988) illustrated the existence of vitellogenin receptors from oocyte 
membrane of the lobster Homarus americanus. Yano et al. (1996) have discovered 
micropinocytotic vesicles containing yolky material and microvilli located in the 
surface of oocytes in Penaeus japonicus. Based on the results of 
immunohistochemistry and electron microscopy, they proposed the route of Vg uptake 
from hemolymph into the oocytes. After Vg is synthesized in the ovary，it is released 
into hemolymph first and then taken by the developing oocytes. 
Nevertheless, the hepatopancreas has been suggested to be the extraovarian source 
of Vg based on immunological studies in the freshwater giant prawn, Macrobrachium 
rosenbergii (Sagi et al., 1995; Soroka et al” 2000). Chen et al. (1999) have also 
demonstrated the hepatopancreas as the site of Vg synthesis by cDNA cloning method. 
In Northern analysis, significant mRNA encoding Vg was observed in the 
hepatopancreas only but not in ovary nor adipose tissue (Yang et al., 2000; Okuno et al., 
2002). Similar results have been observed in penaeid shrimp recently. Tseng et al. 
(2001) cloned the cDNA encoding Vg in hepatopancreas of Penaeus monodon. 
It is likely that the source of Vg in crustaceans varies in different species or there 
are more than one organ responsible for Vg synthesis. Tsutsui et al. (2000) showed 
that mRNA encoding Vg was expressed in both ovary and hepatopancreas in Penaeus 
japonicus but the expression profiles were different. This result suggests that Vg 
synthesis is contributed by both tissues in a separate and complementary way. 
Obviously, the coordination of Vg synthesis in ovary or hepatopancreas during 
maturation is under endocrine regulation which will be discussed in detail in section 
1.3. 
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1.2.2 Variation of lipid composition 
1.2.2.1 Role of lipids in ovary of penaeid shrimp 
During ovarian maturation of penaeid shrimp, huge amount of lipids in different 
classes are accumulated in the ovary and hence contribute to its size increment 
(Wouters et al； 2001). Many studies have shown that some particular lipid classes are 
important for larval and juvenile development (Chen, 1993; Kontara, et al., 1997; 
Mourente and Rodriguez, 1997; Gong, et al., 2000). 
Both neutral and polar lipids are important for ovarian maturation in penaeid 
shrimp. Neutral lipid such as triaclyglycerol (TAG) is the main lipid class for energy 
storage. TAG has twice the energy content per molecule compared to carbohydrate 
and protein, and is believed to provide energy for embryonic and early larval 
development. Polar lipids or phospholipids such as phosphatidylcholine (PC) and 
phosphatidylethanolamine (PE) are the dominant structural lipids in shrimp ovary. 
Phospholipid is one of the components of cell membrane and is thought to be important 
in embryonic and larval development. Apart from TAQ PC and PE, cholesterol is also 
the predominant neutral lipid in the ovary of penaeid shrimp. It is known that penaeid 
shrimp is incapable of de novo synthesis of cholesterol, so that the source of cholesterol 
is probably from the diet. 
On the fatty acid composition of lipid, the ovary of penaeid shrimp is 
characterized by the high levels of polyunsaturated fatty acids (PUFA), like arachidonic 
acid (ARA; 20:4n-6), eicosapentaenoic acid (EPA; 20:5n-3) and docosahexaenoic acid 
(DHA; 22:6n-3). This suggests their essential functions in the reproduction of penaeid 
shrimp. As ARA and EPA are precursors of prostaglandins which are important for 
reproduction of many animals such as fish. Hence, this class of fatty acids may also 
have similar functions in crustaceans (Millamena and Pascual, 1990). However, it is 
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noted that penaeid shrimp cannot synthesize PUFA de novo. In addition, the 
hepatopancreas has only restricted capacity for the conversion of PUFA (Ravid et al., 
1999; Wouters et al., 2001). Lipids in ovary may be either derived from other 
metabolites or obtained in the diet. 
1.2.2.2 Changes of lipids in ovary of penaeid shrimp during maturation 
When penaeid shrimp starts to mature during vitellogenesis, huge amount of lipids 
are accumulated into ovary and account for almost 40% of ovarian dry mass. Total 
lipid content in ovary have been shown to increase significantly from immature stage to 
early mature or mature stage in many penaeid species such as Penaeus vannamei 
(Wouters et al., 2001), Penaeus kerathurus (Mourente and Rodriguez, 1997), Penaeus 
monodon (Millamina and Pascual, 1990), Penaeus japonicus (Teshima et al., 1989), 
Parapenaeopsis hardwickii (Kulkarni and Nagabhushanam, 1979), Penaeus duorarum 
duorarum (Gehring, 1974), Penaeus indicus (Read and Caulton, 1980) and Penaeus 
semisulcatus (Ravid et al., 1999). 
In marine crustaceans, one of the predominant lipid classes is triacyglycerol (TAG). 
In Penaeus vannamei, TAG level increases significantly from 8.3% of total lipid 
content at immature stage to 28.1% at early mature stage (Wouters et aL, 2001). The 
abundance of TAG has also been demonstrated in Penaeus semisulcatus (Ravid et aL, 
1999) and Penaeus kerathurus (Mourente and Rodriguez, 1991). The levels of TAG 
and other lipid classes not only increase at early mature stage, but also exhibit an 
increasing pattern at late mature and fully mature stages. 
Phospholipids (PL) are the dominant polar lipid class in ovary of penaeid shrimp. 
The ratio of polar lipid to neutral lipid increases during vitellogenesis reveals the 
important role of PL during ovarian maturation. Millamena and Pascual (1990) 
showed that the level of PL in ovary of Penaeus monodon was highest at late mature 
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Stage. Some early studies (e.g. Gehring in 1974 on Penaeus duorarum duorarum) 
have shown that phosphatidylcholine (PC) and phosphatidylethanolamine (PE) are the 
main lipid classes in PL. Teshima et al (1989), Mourente and Rodriguez (1991), and 
Wouters et al (2001) have also confirmed that PC and PE are the major lipid 
components responsible for the increase in total lipid content during maturation. 
Ravid et al (1999) have also demonstrated similar results in Penaeus semisulcatus and 
found that the main PL is dominant by PC (75-80% of PL) and PE (20-25% of PL). 
Some neutral lipid classes like cholesterol or sterol that penaeid shrimp cannot 
synthesize de novo also increase significantly during vitellogenesis. In Penaeus 
kemthurus, the level of cholesterol increased 4-fold from immature stage (0.3% of 
ovarian dry weight) to flilly mature stage (1.3% of ovarian dry weight) (Mourente and 
Rodriguez, 1991). Gehring (1974) established that the level of ovarian sterols was 
highest at fully mature stage (0.63% of ovarian wet weight) in Penaeus duorarum 
duorarum. Moreover, in Penaeus japonicus, ovarian free sterols increased from 4.2% 
of total lipid content in females of the lowest GSI to 17.9% in those of the highest GSI 
(Teshima et al., 1989). In Penaeus semisulcatus, ovarian cholesterol level remained 
constant among stages (Ravid et al” 1999). 
Profiles of fatty acid in ovary of penaeid shrimp reveal the necessary constituents 
required during ovarian maturation. Wouters et al. (2001) have illustrated that the 
principal fatty acids in Penaeus vannamei include 16:0, 18:0, \6\\n-l, 18:1^-9, 
arachidonic acid (ARA; 20:4^-6), eicosapentaenoic acid (EPA; 20:5^-3) and 
docosahexaenoic acid (DHA; 22:6^-3). Poly-unsaturated fatty acids (PUFA) such as 
ARA, EPA and DHA dominate the fatty acid composition in both polar lipid and neutral 
lipid in vitellogenic ovary of Penaeus mono don (Millamena and Pascual, 1990; 
Mourente and Rodriguez, 1991). About 30% of fatty acid of PL and TAG belong to 
PUFA in Penaeus kemthurus (Ravid et al., 1999). Hence, PUFA have been 
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considered to have an essential role in the reproduction of penaeid shrimp. As ARA 
and EPA are precursors to prostaglandins that are necessary in marine fish and 
crustaceans, it seems that PUFAs are the key constituents of nutrient in ovarian 
maturation of penaeid shrimp. It is known that PUFA cannot be synthesized de novo 
or can only be converted in a limited extent by penaeid shrimp. Hence, PUFA is 
mainly originated from diet such as bivalves, squid and brine shrimp {Artemia spp.) 
(Benzie, 1997; Ravid et al., 1999). However, only the levels of EPA and DHA but not 
ARA increase significantly in Penaeus vannamei (Wouters et al, 2001), Penaeus 
japonicus (Teshima et al., 1989) and Penaeus kerathurus (Mourente and Rodriguez, 
1991) during maturation. Wouters et al. (2001) have even demonstrated a decrease of 
ARA in the ovaries during early maturation，contradicting the hypothesis of 
prostaglandins. Hence, the role of PUFA in the reproduction of penaeid shrimp needs 
further investigation. Apart from PUFA, Teshima et al (1989) and Wouters et al. 
(2001) have shown that mono-unsaturated fatty acids (MUFA) in TAG such as 16:1 and 
18:1 also increase significantly during maturation. 
Concerning the lipid composition of vitellogenin (Vg) or vitellin (Vn), 
phospholipid (PL), cholesterol (CH), diacylglycerols (DAG) and triacylglycerols (TAG) 
are suggested to be the predominant lipid classes of Vg/Vn in the shrimp, Penaeus 
semisulcatus (Lubzens et aL, 1997). When compared to Vg, Vn contains less lipid 
content but higher level of TAG. Both PL and DAG of Vg/Vn in Penaeus 
semisulcatus are dominated by considerable amount of PUFA (EPA and DHA). 
Wouters et al. (2001) have further extended the investigation to the proportion of 
n-3 fatty acids to n-6 fatty acids. They found that n-3 highly-unsaturated fatty acids 
(HUFA) increased whereas n-6 PUFA decreased during early maturation of Penaeus 
vannamei. Noteworthy is the dramatic increase of the ratio of n-V n-6 in the course of 
ovarian maturation (approximately three times elevation). They have concluded that 
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fatty acids have higher nutritional value for nauplii so that this group of fatty acid is 
preferentially deposited in the ovary and transferred to offspring. Thus，delicate 
balance of dietary HUFA should be noted in broodstock management for better egg 
and larval quality (Wouters et al., 2001). 
1.2.3 Variation of other nutrient contents 
Glycogen has been found to increase significantly during maturation in ovary of 
Parapenaeopsis hardwickii, especially at mature and late mature stage (Kulkarni and 
Nagabhushanam, 1979). In contrast, water content reduced gradually as maturity 
proceeded in Penaeus inducus (Read and Caulton, 1980). Besides, vitamin 
requirements and variation in Penaeus vannamei have been illustrated by Wouters et al. 
(2001). It is generally believed that dietary vitamins A，C and E would improve 
shrimp reproductive performance, ovarian development and egg hatching rate. 
However, Wouters et al. (2001) showed that only the level of vitamin E increased 
substantially during maturation of Penaeus vannamei. 
1.3 Endocrine control of ovarian maturation in penaeid shrimp 
For the past fifty years, numerous investigations concerning crustacean 
reproduction have been focused on the determination of factors controlling 
reproduction, predominantly ovarian maturation in crustaceans. Up to now, more than 
ten hormones or factors have been reported implicated in controlling ovarian 
maturation. Generally, they fall into four classes according to their biochemical nature: 
peptides, terpenoids, biogenic amines and steroids (Quackenbush, 1986). In this 
section, major findings on these hormones will be reviewed. In the last decade, much 
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work has been conducted on biochemical characterization and molecular aspects of 
these hormones. Hence, recent contributions to this aspect will also be included. 
Apart from results obtained from penaeid shrimp, other decapod species will be 
included since many studies were focused on species other than penaeid shrimp such as 
lobster and crab. 
1.3.1 Gonad-inhibiting hormone (GIH) 
The primary function of GIH was first discovered by Panouse (1943). The result 
of precocious gonadal development in destalked shrimp Palaemon serratus suggests 
the presence of an inhibiting factor in the secretory cells of eyestalk. The functions of 
GIH have been extensively reviewed by many authors (Cooke and Sullivan, 1982; 
Charniaux-Cotton, 1985; Quackenbush, 1986, 1991; Fingerman, 1987; Beltz, 1988). 
GIH is believed to be responsible for genital rest of crustaceans by inhibiting secondary 
vitellogenesis. So, it is also named as vitellogenesis-inhibiting hormone (VIH). 
Many studies on the incubation of ovarian tissue in vitro with eyestalk extract have 
shown an inhibition of vitellin synthesis by eyestalk extract (Eastman-Reks and 
Fingerman, 1984; Quackenbush and Keeley, 1988; Lee and Watson, 1995; Thurn and 
Hall, 1999; Chaves, 2000). Inhibitory effect of GIH has also been demonstrated in in 
vivo studies (Eastman-Reks and Fingerman, 1984; Quackenbush and Keeley, 1988). 
GIH level in hemolymph of the lobster, Homarus americanus was higher at immature 
stage and previtellogenic stage than at mature stage (De Kleijn et al., 1998). 
Moreover, it is likely that the effect of GIH is not species-specific. GIH isolated from 
one species could inhibit vitellin synthesis of crustacean species in other families 
(Quackenbush and Keeley, 1988; Huberman et al., 1995; Aguilar et al., 1992). Meusy 
et al. (1987) have demonstrated that antisera raised against GIH of Homarus 
americanus can cross-react with sinus gland extracts of Palaemonetes varians, 
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Palaemon serratus, Macrobrachium rosenbergii, Carcinus maenas and Porcellio 
dilatatus. 
Regarding the mode of action of GIH, Charniaux-Cotton and Payen (1988) and 
Van Herp (1993) have postulated that GIH prevents the binding of vitellogenin to its 
receptor in the oocytes. GIH may either specifically bind to vitellogenin, preventing 
its binding to corresponding receptor, or bind to the receptor directly with a higher 
affinity for the receptor (Charniaux-Cotton and Payen, 1988). 
Studies on the isolation of GIH have been conducted and partial GIH peptide 
sequences was first reported in Homarus americanus (Soyez et al, 1987) and 
Litopenaeus setiferus (Quackenbush and Keeley, 1988). The complete primary amino 
acid sequence of GIH has been reported in Homarus americanus (Soyez et al., 1991). 
Two isoforms of GIH have been isolated from the sinus gland but only one shown to be 
biologically active. The bioassay has been carried out in vivo in the shrimp, 
Palaemonetes varians, showing the cross-reactivity of GIH in different decapod species 
(Soyez et al” 1987). Later, purification and characterization of GIH have been 
performed in the lobster, Homarus americanus (Meusy and Soyez, 1991), crayfish, 
Procambarus bouvieri (Aguilar et al” 1992; Huberman et al” 1995) and shrimp, 
Penaeus vannamei (Wang et al., 2000). The GIH sequence consists of 77-78 amino 
acid residues with a free N-terminus and three disulphide bridges, having a molecular 
weight of 7500-9000 Da. 
A cloning and expression study of mRNA encoding prepro-GIH in Homarus 
americanus has been performed by De Kleijn et al. (1994). The open reading frame 
codes for 112 amino acids residues consisting of a signal peptide (31 residues) and GIH 
peptide (81 residues). The deduced amino acid sequences shows 98% identity with 
the sequence reported by Soyez et al. (1991). Edomi et al. (2002) have also cloned 
and sequenced the cDNA encoding GIH in Nephrops norvegicus with an open reading 
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frame of 339 bp. The deduced amino acid sequence shows 96% identity with H. 
americanus. 
1.3.2 Crustacean hyperglycemic hormone (CHH) 
CHH primarily regulates glucose metabolism in crustaceans (Charmantier et al., 
1997). Nevertheless, many reports have documented that CHH is also implicated in 
crustacean reproduction. Whether CHH plays a stimulatory or inhibitory role in 
reproduction is still obscure (Charmantier et al, 1997; Van Herp and Soyez, 1997; 
Huberman, 2000). Tensen et al. (1989) have shown the stimulatory effect on oocyte 
growth in ovary of non-vitellogenic shrimp Palaemonetes varians by in vivo injection 
of isolated CHH. The total amount of CHH in hemolymph of Homarus americanus 
was significantly elevated during maturation (De Kleijn et al” 1998). This result 
suggests the role of CHH in triggering the onset of vitellogenesis and stimulating 
oocyte maturation. On the other hand, however, CHH isolated from Penaeus 
japonicus has been reported to inhibit total protein, mRNA and vitellin synthesis in in 
vitro incubation of ovarian fragments of Penaeus semisulcatus (Khayat et al,, 1998). 
CHH also inhibited de novo synthesis of precursor protein for cortical rods during 
ovarian maturation of Penaeus semisulcatus (Avarre et al” 2001). 
So far isolation and purification of CHH peptide has been completed in crab, 
Carcimis maenas (Kegel et al., 1989), crayfish, Procambarus bouvieri (Huberman et 
al., 1995), lobster, Homarus americanus (Meusy et al, 1991) and shrimp, Penaeus 
japonicus and Penaeus vannamei (Yang et al., 1995; Wang et al., 2000). The cDNAs 
encoding the preproCHH peptides have been cloned in Metapenaeus ensis (Gu and 
Chan, 1998) and Penaeus mono don (Davey et al., 2000). Both results have 
demonstrated that prepro-CHH consists of a signal peptide, a CHH precursor-related 
peptide (CPRP), and a CHH-like hormone. Multiple forms of CHH is often observed 
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as evidenced by several mRNAs encoding prepro-CHH in a single species such as the 
lobster, Homarus americanus (Chang, 1997; Van Herp, 1998). It is postulated that 
posttranslational modification may also occur in CHH by changing the configuration of 
one amino acid residue: L- or D- phenylalanyl residue (Soyez et al., 1994, 2000; Soyez, 
1997; Van Herp, 1998). Davey et al (2000) have also suggested that different 
isoforms observed in CHH may result from posttranslational modification including 
cleavage of signal peptide and precursor protein, carboxyl-terminal amidation and 
formation of three disulfide bridges. However, whether the posttranslational 
modification is involved in diversification of hormonal effects remains a matter of 
speculation. 
Like GIH, CHH is also synthesized and released in the XOSG of eyestalk which 
will be reviewed below. Recently, it was found that CHH is also present in thoracic 
ganglia and subesophageal ganglia of the lobster, Homarus americanus (Chang et al., 
1999a) 
1.3.3 X-organ sinus gland complex (XOSG) and CHH neuropeptide family 
GIH and CHH belong to a CHH neuropeptide family which plays an important 
role in crustaceans. The source of this neuropeptide family is considered to be the 
X-organ sinus gland complex (XOSG) of eyestalk. Eyestalk in decapods is a 
momentous sensory organ to perceive external factors such as temperature, light 
intensity and photoperiodicity. Hence, the location of XOSG in eyestalk is significant 
so as to optimize reproductive activities to a suitable timing and environment (Benzie, 
1997). XOSG secretes a wide variety of neurohormones that regulate major 
physiological processes in crustaceans including carbohydrate metabolism (crustacean 
hyperglycemic hormone CHH), reproduction (gonad-inhibiting hormone GIH and 
mandibular organ-inhibiting hormone MOIH), molting (molt-inhibiting hormone MIH) 
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and pigment migration (red pigment-concentration hormone RPCH and 
pigment-dispersing hormone RDH) (Keller, 1992). CHH, GIH and MIH are grouped 
into a distinct CHH neuropeptide family as they share high similarity in amino acid 
structure. 
The structure of eyestalk has been described by Van Herp (1993) and Charmantier 
et al. (1997). There are four nervous ganglia in the optic lobe of eyestalk, lamina 
ganglioaris, medulla externa, medulla interna and medulla terminalis. Neurosecretory 
cells are located in medulla terminalis called X-organ. There are axons acting as 
neurosecretory tract linking the X-organ and a neurohemal organ 一 sinus gland (Van 
Herp and Kallen, 1992). These clusters of cells are named as X-organ sinus gland 
complex (XOSG). Neuropepides are considered to be synthesized in X-organ and 
stored in sinus gland. Investigation on the ontogeny of XOSG in Homarus gammarus 
reveals that X-organ is already present and functional at the beginning of embryonic 
metanauplius stage, whereas sinus gland is developed in the early larval stages (Rotllant 
et al,, 1995). Rotlant et al (1993) and Giulianini et al (1998) have localized GIH and 
CHH in XOSG of the lobsters Homarus gammarus and Nephrops norvegicus by 
immunocytochemistry and in situ hybridization. GIH secretory cells preferably 
distribute in the periphery part of X-organ while CHH secretory cells are located more 
centrally. 
As mentioned before, GIH, CHH and MIH belong to a distinct group of 
neuropeptides in CHH neuropeptide family because they are characterized by similar 
amino acid sequence. They all have six conserved cysteines residues forming three 
disulfide bridges in defined position with approximately 72-78 amino acid residues in 
total (Huberman et al., 1995). Homology between MIH and GIH is over 50% and 
both of them also share over 30% identity when compared with CHH (Soyez, 1997). 
Multiple functions of these neuropeptides are evidenced (Van Herp, 1998). 
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Recently, some workers have suggested that GIH and MIH form a related 
sub-group which is distinct from CHH neuropeptide family (Soyez, 1997; Webster, 
1998). Not only GIH and MIH share higher identity, CHH is also different from the 
two other members at precursor level. For CHH, the precursor hormone is separated 
by a signal peptide which contains a CHH precursor-related peptide (CPRP). Yet this 
CPRP is not present in the signal peptide of either prepro-GIH or prepro-MIH (De 
Kleijn and Van Herp, 1995; Soyez, 1997; Chang, 2001). 
Apart from GIH and CHH, mandibular organ-inhibiting hormone (MOIH) which 
is also secreted from the eye stalk, has been suggested to inhibit crustacean maturation 
(Charmantier et al., 1997). MOIH inhibits the synthesis of methyl farnesoate in 
mandibular organ which has a stimulating effect on crustacean maturation (Holford and 
Borst, 2000). This will be discussed in detail in section 1.3.5. 
1.3.4 Gonad-stimulating hormone (GSH) 
Early studies have shown that implantation of thoracic ganglion into young female 
decapod could induce ovarian growth indicating the presence of gonad-stimulating 
factor in crustaceans (Hinsch and Bennett, 1979). Later, precocious ovarian 
maturation and vitellogensis by injection of thoracic ganglion extract into 
previtellogenic female has been demonstrated in crab, Uca pugilator (Eastman-Reks 
and Fingerman, 1984) and shrimp, Penaeus japonicus (Yano, 1992). The existence of 
gonad-stimulating hormone (GSH) in crustaceans was postulated by Charniaux-Cotton 
and Payen in 1988. The cross-reactivity of GSH is cross reactive among species was 
shown by Yano and Wyban (1992). Although the presence of GSH was discovered for 
a long time, the structure of GSH is not yet elucidated. Some authors argue that the 
gonad-stimulating factor found in ganglia may be an isoform of CHH as CHH is also 
expressed in ganglia of ventral nervous system of crustaceans (Charmantier et al., 1997; 
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Van Herp and Soyez, 1997; Chang et al., 1999a). 
1.3.5 Methyl farnesoate (MF) 
Apart from peptide hormone, terpenoid also plays an important role in crustacean 
reproduction. Methyl farnesoate (MF) is an unepoxidated sesquiterpene that is 
structurally related to juvenile hormone III of insects (Borst and Laufer, 1990). Laufer 
et al. (1987) first identified MF in crustacean and showed that MF is functionally 
implicated in larval development and reproduction. MF stimulates ovarian maturation 
of crustaceans and its functions have been reviewed in many literatures (Borst and 
Laufer, 1990; Chang, 1993; Chang, 1997; Huberman, 2000). Tsukimura and 
Kamemoto (1991) showed that MF significantly increased oocyte diameter and 
stimulated oocyte growth of Penaeus vannamei in in vitro ovarian incubation study. 
In addition, the level of MF in hemolymph of the crab, Libinia emarginata was 
significantly elevated at late mature stage of reproductive cycle indicating the 
stimulating role of MF in vitellogenesis (Borst and Laufer, 1990). 
Mandibular organ (MO) is the principal site of MF synthesis. MO is situated in 
the posterior abductor muscle tendon of the mandibles of crustaceans (Borst and Laufer, 
1990). MF is not the sole juvenile hormone-like product secreted in MO. Another 
precursor of juvenile hormone in insects, named farnesoic acid, is also secreted in MO 
(Chang, 1993). 
It is noteworthy that MF synthesis is inhibited by eyestalk extract. Significant 
inhibition of MF synthesis was found when MO was incubated in vitro with eyestalk 
extract in Libinia emarginata (Borst and Laufer, 1990). Similarly, eyestalk ablation 
caused a 10-fold increase in MF level in hemolymph of lobster, Nephrops norvegicus 
(Rotllant et aL, 2001). The inhibitory factor to MF synthesis is known as mandibular 
organ-inhibiting hormone (MOIH) which is structurally resemble to the neuropeptides 
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in CHH neuropeptide family (Borst et al” 2001). Potentially MOIH could be the same 
as one of the hormones in CHH neuropeptide family but was named differently because 
of different bioassays applied. The structure of MOIH has been elucidated and proved 
to inhibit MF synthesis in MO cultured in vitro by 50-60% (Holford and Borst, 2000; 
Borst et al., 2001). MOIH exerts its inhibitory effect by reducing the activity of 
farnesoic acid 0-methyl transferase, the last enzyme in the MF biosynthetic pathway, 
through a post-translational modification (Holford and Borst 2000; Borst et al., 2001). 
The cDNA encodes for farnesoic acid 0-methyl transferase has been cloned in 
Metapenaeus ensis (Silva Gunawardene et al” 2001). The mRNA for farnesoic acid 
0-methyl transferase is expressed in eyestalk and ventral nerve cord of M, ensis 
revealing the interaction of farnesoic acid 0-methyl transferase with eyestalk 
neuropeptides (Silva Gunawardene et al” 2002). Besides, another neurohormone 
related to CHH family called red pigment-concentrating hormone (RPCH) seems to 
have a stimulating effect on MF synthesis in MO (Chang, 1993). Potentially MF can 
be applied in the induction of ovarian maturation in cultured broodstock, but more 
studies on modulation and regulation of MF synthesis are necessary. 
1.3.6 Neurotransmitters 
Attention has been recently paid to the role of neurotransmitters in ovarian 
maturation of decapods. Biogenic amines such as 5-hydroxytryptamine (5-HT, 
serotonin), dopamine (DA) and methionine enkephalin (Met-ENK) are prominent 
neurotransmitters implicated in ovarian maturation of crustaceans. Their functions 
and mode of action have been reviewed recently (Fingerman, 1997; Fingerman and 
Nagabhushanam, 1997). Generally, neurotransmitters do not act on the ovary directly 
but exhibit their function by regulating the release of crustacean neurohormones, 
specifically, GIH and GSH. 
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Serotonin (5-HT) is present in the central nervous system of crustaceans 
(Fingerman et al., 1994). As reviewed by Fingerman and Nagabhushanam (1997), 
serotonin appears, in descending order of concentration, in brain, thoracic ganglia, 
subesophageal ganglion, eyestalk and abdominal nerve cord. Serotonin functions to 
stimulate ovarian maturation in decapods. The ovarian index significantly elevated in 
eyestalk ablated serotonin-treated crab, Paratelphusa hydrodromous (Ragunathan and 
Arivazhagan, 1999). However, incubation of ovarian tissue in vitro in serotonin alone 
did not result in any significant effect (Sarojini and Nagabhushanam, 1995). 
Serotonin exerts its stimulating function to the ovary only in the presence of brain or 
thoracic ganglia indicating that the mode of action of serotonin is to stimulate the 
release of GSH instead of acting on the ovary directly (Sarojini and Nagabhushanam, 
1995). Because of the prominent function of serotonin, studies have been conducted 
to evaluate the potential utilization of this neurotransmitter/neuromodulator in 
broodstock culture. Vaca and Alfaro (2000) have shown that injection of serotonin 
could induce ovarian maturation and spawning of Penaeus vannamei. Although 
eyestalk ablation produced a higher rate and sooner effect of spawning without 
significant difference in adult mortality, egg quality and spawning performance, ablated 
females could not maintain a sustainable reproductive performance after week seven of 
investigation because of physiological exhaustion. 
Dopamine (DA) is also a neurotransmitter present in crustacean nervous system. 
In constrast to serotonin, the function of DA is suggested to inhibit GSH release in 
thoracic ganglia and trigger the release of GIH at the same time (Fingerman, 1997; 
Fingerman and Nagabhushanam, 1997). It is evidenced by the significant inhibition 
of ovarian maturation of crayfish, Procamharus clarkii after in vitro or in vivo DA 
treatment (Sarojini et al., 1996a). 
Methionine enkephalin (Met-ENK) is an opioid present in crustacean nervous 
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system. Like DA, Met-ENK is considered to inhibit ovarian maturation in crustacean 
by stimulating GIH release or inhibiting GSH release, or both (Fingerman, 1997; 
Fingerman and Nagabhushanam, 1997). The inhibiting effect of Met-ENK has been 
demonstrated in vivo in the crayfish, Procambarus clarkii (Sarojini et al., 1996b) and 
the crab, Oziotelphusa senex senex (Kishori and Reddy, 2000). The ovarian index of 
both species was significantly reduced after Met-ENK injection. 
1.3.7 Other factors 
It seems that some hormones implicated in ovarian maturation of crustaceans are 
endogenously synthesized in the ovary. Vitellogenin-stimulating ovarian hormone 
(VSOH) produced in the follicle cells of the ovary is believed to stimulate 
vitellogenesis in the amphipod, Orchestia gammarella (Charniaux-Cotton and Payen, 
1988; Charmantier et al., 1997). However, studies concerning the function of VSOH 
in decapod and the elucidation of chemical structure of VSOH have not been reported. 
Steroid hormones such as progesterone have been recognized to involve in 
crustacean reproduction. The existence of progesterone has been confirmed in ovary 
of Penaeus mono don at late maturation stages (Fairs et al., 1990). Moreover, 
extensive metabolism of progesterone has been found in vitellogenic ovary of P. 
mono don (Young et al., 1992). The function of progesterone has been demonstrated 
to induce ovarian maturation and spawning in the shrimp, Metapenaeus ensis (Yano, 
1985). This result is potentially applicable in shrimp culture since progesterone has 
been investigated for long time in vertebrates. However, the stimulating result has not 
been replicated so far in other decapod species (Tsukimura, 2001). More investigation 
is necessary to evaluate the role of progesterone in crustacean reproduction. 
Ecdysteroid, a molting hormone in crustaceans, also seems to be involved in 
ovarian maturation. The structure of ecdysteroid is well established (Chang, 1997). 
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It is a 20-hydroxyecdysone secreted in Y-organ of crustaceans. The level of 
ecdysteroid has been found to correlate with reproductive cycle of crustaceans 
(Charniaux-Cotton and Payen, 1988; Van Herp and Soyez, 1997). However, the role 
of ecdysteroid in crustacean reproduction remains unclear and controversial (Adiyodi, 
1985; Charniaux-Cotton and Payen, 1988; Charmantier et al, 1997; Van Herp and 
Soyez, 1997). As both molting and reproduction are energy-consumable activities in 
crustaceans, ecdysteroid may play its role in regulating the onset of molting and 
reproduction in a compromising fashion. 
1.3.8 Androgenic hormone (AH) 
It is interesting that some hormones such as androgenic hormone (AH), which is 
only present in male malacostracans, have pharmacological effect on ovarian 
maturation of female crustaceans. AH is primary responsible for the masculinization 
effect in malacostracans and is the key hormone for sexual differentiation 
(Charniaux-Cotton and Payen, 1988; Charmantier et al., 1997). The site of AH 
secretion is in the androgenic gland located in the posterior vas deferens of male 
malacostracan. Recently, the effect of AH on ovarian maturation has been determined 
by Sagi et al. (1999). They found that the vitellogenin level in hemolymph of female 
crayfish, Che rax quadricarinatus was significantly lowered after receiving AG 
transplant. In addition, the Vg level was elevated when intersex individuals were 
subjected to AG removal. Hence, AH could inhibit secondary vitellogenesis in female 
crustaceans. 
The endocrine control of ovarian maturation in crustaceans, specifically penaeid 
shrimp, is complicated and involves hormones in different classes secreted from various 
sources. A summary of endocrine regulation of ovarian maturation in penaeid shrimp 
is given in Fig. 1.1. 
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Fig. 1.1. Summary of endocrine regulation of ovarian maturation in penaeid shrimp. “+，，indicates a 
stimulatory effect and “-” indicates an inhibitory effect. 
In the XOSG of the eyestalk, gonad-inhibiting hormone (GIH) has an inhibitory effect on ovarian 
maturation while the role of crustacean hyperglycemic hormone (CHH) plays in shrimp reproduction is still 
controversy. 
In the CNS, gonad-stimulating hormone (GSH) could induce ovarian maturation. Neurotransmitters, 
serotonin, also has a stimulating effect on ovarian maturation by stimulating the release of GSH, In contrast, 
dopamine and methionine enkephalin inhibits ovarian maturation by inhibiting the release of GSH. 
In the mandibular organ, methyl famesoate (MF) could induce ovarian maturation. 
In ovary, endogenous hormone such as vitellogenin-stimulating ovarian hormone (VSOH) and 
progesterone are thought to have a stimulating effect on ovarian maturation but more investigations are 
necessary. 
In the Y-organ, ecdysteroid is involved in ovarian maturation but the function needs to be confirnied 
Androgenic hormone (AH) from androgenic gland also has a pharmacolopical effect on ovarian maturation. 
AH could inhibit ovarian maturation. 
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1.4 Ecology and reproductive biology of Metapenaeus ensis 
Among over a hundred identified penaeid shrimp, Metapenaeus ensis (de Haan, 
1844) (Crustacea: Decapoda: Penaeidae) is one of the commercially important species. 
It is widely distributed in the Indo-West Pacific (Grey et al., 1983; Courtney et al., 
1989). Because of its high price in market (about US$17 for 1 kg in Hong Kong), it is 
one of the major products in shrimp catch in areas such as China, Malaysia, Philippines, 
Indonesia and Hong Kong (Chu et al., 1993). It is also widely cultured in Asian 
countries. In this section, the life history and reproductive biology of M. ensis will be 
outlined. 
1.4.1 Identification 
Shrimp in family Penaeidae is characterized by the presence of two blades or rami 
in the pleopods (Grey et al., 1983; Yu and Chan, 1986). The identification of M. ensis 
can be based on the key provided by Cheung (1960), Grey et al., (1983), Yu and Chan 
(1986) and Dall et al. (1990). The first pereopod of M. ensis bears a prominent ischial 
spine. Six to nine teeth are present on upper border of rostrum. Lateral spine is 
absent in telson. The thelycum of M. ensis is characterized by an antero-median plate, 
without ridge near the posterior edge of the first thoracic sternite (Cheung, 1960; Grey 
et al., 1983). 
1.4.2 Ecology 
M. ensis is more dependent on estuarine habitat rather than strictly marine 
(Courtney et al” 1989). It is distributed restrictedly in shallow water, mostly on 
muddy bottom. Its distribution is confined to area with depth of less than 17 m 
(Cheung, 1964; Courtney et al., 1989). Similar to other members in Penaeidae, M. 
ensis is a migratory species that exhibits a general offshore spawning and inshore 
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nursery habit (Motoh, 1981; Neal and Maris, 1985; Dall et al, 1990). According to 
Dall et al. (1990), M. ensis exhibits a Type 2 life cycle (stays in estuarine inshore area 
during larval and juvenile period and migrates to offshore area after growing up). It is 
evidenced by separate catches of juvenile and adult in different localities. They have 
never been found together in same area (Cheung, 1963; Cheung, 1964; Courtney et al., 
1989). Because various developmental stages require different salinities for growth, 
juveniles spend their early life in inshore and brackish water and move to offshore 
when mature (Cheung, 1963). 
In Hong Kong, M. ensis is most abundant in southern part of Hong Kong (North of 
Lamma Island) which is a transitional zone between marine and estuarine environments. 
More than 20% of M. ensis caught in Hong Kong's territorial area is distributed in this 
region (Cheung, 1963). The rest is distributed along the Hong Kong coast but is 
seldom found in absolute offshore region (Cheung, 1963). 
1.4.3 Reproductive biology 
In ovarian maturation of penaeids, primary and secondary vitellogenesis are 
carried out when reproductive season begins (Quackenbush, 1991). M. ensis also 
shows a similar maturation pattern. The maturity of M. ensis can be classified into 
five stages according to the growth of ovary (Cheung, 1964; Yano, 1985; Chu et al, 
1993): 
Stage I: immature; the ovary is small, transparent with no distinguishable 
outline; it is not visible externally from dorsal exoskeleton 
Stage II: developing; the ovary appears as small and thin opaque tissue alone 
the dorsal central axis; the color turns from white to pale yellow or 
pale green 
Stage III: early mature; the ovary is thicker than the previous stage and turns to 
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grayish green in color 
Stage IV: late mature; the ovary is turgid, opaque and dark green tissue; the 
outline is distinct with much expansion in the anterior region; a 
'butterfly' shape is observable in the thoracic region 
Stage V: ripe; the ovary is very prominent at this stage; it expands and fills up 
the available body cavity; spawning is imminent within 24 hours 
As female M. ensis matures, the gonado-somatic index (GSI) (the ratio of gonad 
wet weight to body wet weight) elevates. GSI value from below 2% at stage I to over 
9% at stage V can be recorded (Chu et al.，1993). After spawning, the spent shrimp 
can re-mature again and enter a new reproductive cycle. 
The spawning period is long for M. ensis, from March to November in Hong Kong 
(Cheung, 1964; Chu et al., 1993). Because they have a short life span of shorter than 
19 months, they grow rapidly during genital rest (December to February) and become 
mature during reproductive season. Concerning the spawning pattern of M ensis, two 
spawning peaks were observed as evidenced by new recruitment of post-larvae in May 
and September respectively (Cheung, 1964; Leung, 1991). Bimodal spawning pattern 
is a common phenomenon of penaeid shrimp living in tropical or subtropical areas. 
Two peaks of spawning are related to the interlocking of annual and six-monthly 
spawning cycles of spring and autumn cohorts (Cheung, 1964; Dall et al., 1990; Chu et 
al., 1993). This indicates that M. ensis is a multi-spawner. 
Copulation is rare in M. ensis and inseminated females never exceed 50% in 
spawning season (Courtney et al., 1989). Spermatophores which enclose spermatozoa 
produced from the male are inseminated into thelyca of females during copulation 
(Ogle, 1992). Eggs ovulated during spawning contact with spermatophores where 
fertilization takes place. The fecundity of M. ensis ranges from 80,000 to 800,000 
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eggs per spawn (Chu et al., 1993). 
1.5 Objective of research 
As penaeid shrimp is commercially important in both fishery and aquaculture, 
understanding of shrimp reproduction, especially ovarian maturation, is of major 
significance. Although endocrine control of ovarian maturation has been studied for a 
long time in crustaceans, information is still unclear and the studies mainly focused on 
other decapod species such as lobster. The information from penaeids is limited. 
Moreover, at present, information on the molecular change of ovary during maturation 
is fragmentary and superficial There is very little information concerning the ovarian 
maturation of penaeid shrimp at the molecular level. 
Recently, Dr. S.M. Chan and his research group at the University of Hong Kong 
have isolated four eyestalk cDNAs (CHH-A, CHH-B, MIH-A and MIH-B) belong to 
the CHH neuropeptide family in a single species, Metapenaeus ensis (Gu, 1998; Gu and 
Chan, 1998). One of the neuropeptides (named molt-inhibiting hormone B, MIH-B) is 
speculated to be the gonad-inhibiting hormone (GIH). MIH-B shares only 68% 
identity to MIH-A, indicating that these two peptides may have different functions. In 
the preliminary result of the gene expression study in the eyestalk, it is likely that low 
level of MIH-B is required to initiate vitellogenesis in female M. ensis (Gu, 1998). 
Moreover, MIH-B shares a significant identity (46%) to the GIH of lobster Homarus 
americanus. Taken together, it is postulated that MIH-B has a function more resemble 
to GIH rather than MIH. In the present study, the change in level of MIH-B/GIH in 
hemolymph of Metapenaeus ensis during ovarian maturation will be investigated using 
ELISA as the first step to explore the function of GIH in this species. In fact, the 
circulating GIH titer in reproductive cycle of crustacean has seldom been documented. 
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Besides, genes that differentially expressed in various maturation stages of M. 
ensis will be identified in order to understand more precisely the course of ovarian 
maturation in the molecular level. RNA fingerprinting method by arbitrarily primed 
PCR (RAP-PCR) and Northern analysis will be the major strategies in this 
investigation. 
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Chapter 2 -- Variation of circulating gonad-inhibiting 
hormone (GIH) level during ovarian maturation in the 
shrimp, Metapenaeus ensis 
2.1 Introduction 
Gonad-inhibiting hormone (GIH) is one of the major hormones implicated in 
malacostacan reproduction. It belongs to eyestalk CHH neuropeptide family and is 
suggested to inhibit vitellogenesis in malacostacans. Compared to other eyestalk 
neurohormones, studies about GIH are relatively scattered and less successful. 
Because of the relatively low concentration in hemolymph and structural similarity to 
other neuropeptides within this family, physiological studies on GIH has been difficult. 
Moreover, multiple functions and cross-activities are often reported in studies on 
neuropeptides in this family. The possible reason is that these neuropeptides have 
been isolated and cloned from different species, leading to incomplete and confused 
information obtained. 
Recently, Dr. S.M. Chan and his research group at the University of Hong Kong 
have isolated four eyestalk cDNAs (called CHH-A，CHH-B, MIH-A and MIH-B) of 
the CHH neuropeptide family in a single species, Metapenaeus ensis (Gu, 1998; Gu 
and Chan, 1998). One of the neuropeptides (MIH-B) is considered to be GIH. 
MIH-B shares only 68% amino acid identity to MIH-A suggesting that these two 
peptides may have different functions. In a preliminary study, the level of MIH-B 
mRNA transcript in the eyestalks of female M. ensis was found to decrease in the 
initial phase of ovarian maturation and return to maximal level before spawning, 
implying that low level of this neuropeptide is required to initiate vitellogenesis (Gu, 
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1998). Moreover, MIH-B shares a significant identity (46%) to the GIH of the 
lobster Homarus americanus. Based on these observations, it is postulated that 
MIH-B has a function resembled to GIH rather than MIH. 
Like other purified GIH in other crustaceans, the deduced peptide sequence of 
MIH-B/GIH consists of 78 amino acid residues. The recombinant MIH-B/GIH was 
produced as well as the corresponding polyclonal antibody (Gu, 1998; Gu et al” 
2001). In the present study, physiological study of this neuropeptide was carried out 
by investigating the level of this neuropeptide in hemolymph of M. ensis during 
ovarian maturation. As the major function of the neuropeptide examined in this 
study is more related to the vitellogenesis-inhibiting effect, it would be referred to be 
GIH in this study. 
Up to now, there are only few reports on neuropeptides titer in hemolymph of 
female crustaceans during the reproductive cycle and the studies mainly focused on 
lobster (Meusy and Soyez, 1991; Chang et al., 1998; De Kleijn et al., 1998). The 
information on the role of GIH in shrimp at various reproductive stages is scattered. 
In the present study, enzyme-linked immunosorbent assay (ELISA) was developed to 
determine the circulating GIH level in the hemolymph of M. ensis during ovarian 
maturation. The difference of circulating GIH level among various maturation 
stages reveals the functions of GIH on ovarian maturation. This study is valuable as 
a first step to understand the role of GIH played in shrimp reproduction. 
2.2 Materials and methods 
2.2.1 Experimental animals and serum extraction 
Female shrimps Metapenaeus ensis were bought from local market. Taxonomic 
identity was confined based on the keys in Grey et al. (1983), Cheung (1960), Dall et 
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a/. (1990) and Yu and Chan (1986). Body length, body weight, carapace length and 
ovary weight were measured. Body length is defined as the distance from the 
posterior orbital margin of the carapace to the end of telson. Carapace length is 
defined as the distance from the posterior orbital margin to the posterior end of 
carapace. Gonado-somatic index (GSI) expressed as a percentage value was 
calculated by the equation: [(ovary wet weight / body wet weight) X 100%]. The 
maturity of shrimp was classified into five stages based on the GSI value and the 
appearance of ovary modified from the description by Yano (1985) and Chu et al. 
(1993). The criteria used are listed in Table 2.1. As the shrimp matures from stage 
I to stage V, ovary increases in size and color turns from transparent to dark green. 
The morphological change of ovary in dissected shrimps at different stages of 
maturation is illustrated in Fig. 2.1. 
Hemolymph was extracted through the integument between the carapace and the 
first abdominal somite in the dorsal surface. The hemolymph was placed at room 
temperature for one hour or 4°C for overnight to allow clotting. Serum was then 
obtained by centrifugation (6000g for 5 min at 4°C) and stored at -20°C for analysis. 
2.2.2 Protein content assay 
Protein concentration of serum examples was determined using Protein Assay 
Kit (Bio-Rad). It is a protein-dye binding method (Coomassie Brilliant Blue G-250) 
modified from Bradford (1976). 160 sample or serial diluted bovine serum 
albumin (BSA) standard was mixed with 40 |li1 dye reagent concentrate and incubated 
for about 30 min. By measuring the absorbance of the sample at 595 nm，the protein 
concentration of sample was calculated from the standard curve. 
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Table 2.1 Classification of ovarian maturation stages in Metapenaeus ensis. 
Stage GSI (%) Appearance of ovary 
I (immature) < 2% the ovary is small, transparent tissue with no 
distinguishable outline; it is not visible externally from 
dorsal exoskeleton 
II (developing) 2-3% the ovary appears as small and thin opaque tissue alone 
the dorsal central axis; the color turns from white to 
pale yellow or pale green 
III (early mature) 3-6% the ovary is thicker than the previous stage and turns to 
grayish green in color 
IV (late mature) 6-9% the ovary is turgid, opaque and dark green tissue; the 
outline is distinct with much expansion in the anterior 
region; a 'butterfly' shape is observable in the thoracic 
region 
V (ripe) > 9% the ovary is very prominent at this stage; it expands 
and fills up the available body cavity; spawning is 
imminent within 24 hours. 
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Fig. 2.1 Female Metapenaeus ensis at stages I, II, IV, and V of maturation (from left 
to right). Dorsal exoskeleton, carapace, and muscle were removed. Arrows 
indicate the location of ovary. 
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2.2.3 SDS-polyacrymide gel electrophoresis (SDS-PAGE) 
Solutions 
• 30% gel stock solution: 29% (w/v) acrylamide and 1% (w/v) bis-acrylamide 
• 4x separating buffer: 3.0 M Tris-HCl pH 8.3 and 0.4% (w/v) SDS 
• 4x stacking buffer: 0.5 M Tris-HCl pH 6.8 and 0.4% (w/v) SDS 
• 15% separating gel: 
23% (v/v) H2O, 50% (v/v) of 30% gel stock solution, 25% (v/v) 4x separating 
buffer, 1% (v/v) of 10% (w/v) SDS, 1% (v/v) of 10% (w/v) APS and 0.04% (v/v) 
TEMED 
• 4% stacking gel: 
60% (v/v) H2O, 13% (v/v) of 30% gel stock solution, 25% (v/v) 4x stacking 
buffer, 1% (v/v) of 10% (w/v) SDS, 0.5% (v/v) of 10% (w/v) APS and 0.1% (v/v) 
TEMED 
_ 2x SDS loading buffer: 
125 mM Tris-HCl pH 6.8, 4% SDS, 0.2% (w/v) bromophenol blue, 20% glycerol, 
10% (v/v) p-mecaptoethanol 
• Prestained high range protein molecular weight standard: 
1:10 diluted with loading buffer (Gibco) 
• Gel destaining solution: 
30% (v/v) ethanol, 10% (v/v) acetic acid and 60% (v/v) H2O 
• Gel staining solution: 
0.25% (w/v) Commassie Brilliant Blue R-250 in gel destaining solution 
• lOx SDS electrophoresis buffer: 
250 mM Tris base, 2.5 M glycine pH 8.3 and 1% SDS 
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Procedure 
After setting the gel (4% stacking gel and 15% separating gel), samples and 
protein molecular weight standard were denatured in Ix SDS loading buffer for 3 min 
at 100°C. Then, the denatured samples and molecular weight standard were 
separated on the gel in Ix electrophoresis buffer at 100 V until dye front moved to 
bottom. After electrophoresis, the gel was stained in staining solution for 1 hour, 
destained in destaining solution and dried for observation or used for Western 
analysis. 
2.2.4 Western blot 
Solutions 
• Transfer buffer: 
39 mM glycine, 48 mM Tris base pH 8.3, 0.037% (w/v) SDS and 20% (v/v) 
methanol 
• 1 Ox PBS stock: 
64 g NaCl, 1.6 g KCl, 11.52 g NaH2P04, 1.92 g KH2PO4 in 1 L extra pure H2O; 
pH 7.4 
• Washing buffer (0.3% PBST): 0.3% (v/v) Tween-20 in Ix PBS 
• Blocking solution: 1% (w/v) gelatin in washing buffer 
• Alkaline phosphatase (AP) detection buffer: 
0.1 M Tris pH9.5, 0.1 M NaCl and 50 mM MgCb 
• Substrate stock for AP: 
NBT stock - 5% (w/v) nitro blue tetrazolium (NBT) in 70% (v/v) 
dimethylformamide (DMF) 
BCIP stock - 5% (w/v) 5-bromo-4-chloro-3-indolyl phosphate (BCIP) in 100% 
DMF 
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• Color developing solution for AP (NBT/BCIP): 
0.66% (v/v) NBT stock and 0.33% (v/v) BCIP stock in AP detection buffer; 
freshly prepared 
• Substrate stock for streptavidin-horseradish peroxidase (SA-HRP): 
3,3'-diaminobenzidine (DAB) stock - 0.067% (w/v) DAB in 0.01 M Tris-HCl 
(pH 7.6) 
H2O2 stock — 30% (v/v) H2O2 
• Color developing solution for SA-HRP (DAB/ H2O2): 
99.90/0 (v/v) DAB stock and 0.1% (v/v) H2O2 stock; freshly prepared 
Procedure 
After electrophoresis, the gel, filter papers and membrane (Hybond-C, 
Amersham Pharmacia) was soaked in transfer buffer for 5-15 min. Then, the gel 
was transferred onto the membrane (Hybond-C) in prechilled transfer buffer at 100 V 
at 4°C for 1 hour. The membrane was temporarily stored in washing buffer until 
immunodetection. The gel after transfer was stained to check completion of the 
transfer. 
For immunodetection, the membrane was blocked in blocking solution at room 
temperature for 1 hour. Then, the membrane was incubated with primary antibody 
diluted in washing buffer at room temperature for 2 hours. Followed by 3 x 15 min 
washing with washing buffer, the membrane was incubated with conjugated 
secondary antibody (goat anti-rabbit IgG-AP conjugate, Gibco) diluted in washing 
buffer (1:5000) at room temperature for 1 hour. Alternatively, SA-HRP (Gibco) 
(1:5000 in washing buffer) was incubated for biotinylated primary antibody. After 3 
X 15 min washing with washing buffer, the colorimetric product was developed in 2 
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ml of the corresponding color developing solution until the appearance of satisfactory 
signal. The reaction was stopped by washing with tap water. 
2.2.5 Purification of IgG from antiserum 
Solutions 
• 0.1 M sodium phosphate buffer stock (pH 7.0): 
0.2 M Na2HP04 and 0.2 M NaH2P04 in H2O 
• 0.1 Mglycine-HCl (pH 2.7): 
0.1 M glycine in H2O, adjust pH by HCl to 2.7 
• 1 Ox PBS stock: 
64 g NaCl, 1.6 g KCl, 11.52 g NaH2P04, 1.92 g KH2PO4 in extra pure H2O; pH 
7.4 
Procedure 
Purification of IgG was performed by HiTrap protein G affinity column 
(Pharmacia). The column was first equilibrated with 3 ml start buffer (20 mM 
sodium phosphate, pH 7.0). Then, antiserum (from S. M. Chan, see Gu, 1999) was 
applied to the column using syringe at a flow rate not greater than 4 ml/min. The 
bound IgG was eluted out by elution buffer (0.1 M glycine-HCl, pH 2.7). The 
purified IgG was neutralized by 1 M Tris-HCl (pH 9.0) to preserve the activity. The 
IgG was then lyophilized and then dissolved in PBS for protein content determination 
and future utilization. The activity of purified IgG was assessed by Western analysis. 
2.2.6 ELISA assay (indirect ELISA) 
Solutions 
• Coating buffer: 0.1 M sodium bicarbonate pH 9.5 
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• Blocking solution: 1% (w/v) BSA in PBS 
• Diluent: 1% (w/v) BSA and 0.05% (v/v) Tween-20 in Ix PBS 
• Washing buffer (0.1% PBST): 0.1% (v/v) Tween-20 in Ix PBS 
• 1 Ox PBS stock: 
64 g NaCl, 1.6 g KCl, 11.52 g NaHsPO*, 1.92 g KH2PO4 in extra pure H2O; pH 
7.4 
Procedure 
The procedure was based on the protocols in Ausubel (1991) and Crowther 
(2001). 100 |Lil proteins (protein standards or serum samples) in coating buffer were 
coated onto the 96-well EIA plate (Costar) at 4°C overnight. For constructing the 
standard curve, serial diluted recombinant GIH standards (from S. M. Chan, see Gu, 
1999) from 0.1 ng/ml to 30 ng/ml in coating buffer were coated. To check for 
interference, serial dilutions of one serum sample were coated. For sample diagnosis, 
different serum samples which were 10-fold diluted in coating buffer were coated. 
Since preliminary studies showed that it is difficult to use the present technique to 
analyze whole blood samples to achieve consistent results, serum was extracted for 
diagnosis in the present study. High humidity was maintained by placing a moist 
paper towel on the plate wrapped with parafilm. The wrapped plate was then 
wrapped with plastic wrap and placed in air-tight plastic bag. After overnight 
coating, the plate was washed 5 times with washing buffer. For each wash, the plate 
was gently shaken for 1 min with washing buffer and then the washing buffer was 
discarded. After five washes, the plate was forcefully blotted several times on a pad 
of paper towels. The plate was then blocked with 300 |il blocking solution at room 
temperature for 1 hour with gentle shaking. The blocking solution was discarded 
and the plate was incubated with 100 ii\ anti-GIH IgQ in the concentration of 100 
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ng/ml in diluent at 4°C overnight. The plate was maintained in high humidity as 
described above. The unbound antibodies were washed away with washing buffer 
for 7 times as described above. 100 |li1 conjugated secondary antibody (goat 
anti-rabbit IgG HRP-conjugate, Gibco) was incubated (1:5000 in diluent) at room 
temperature for 1 hour with gentle shaking. The plate was washed 7 times again to 
remove unbound conjugates. Then 100 jil chromogenic substrate 
3,3'5,5'-tetramethyIbenzidine base (TMB, Gibco) was added to generate a 
colorimetric product at room temperature for 5-20 min with gentle shaking. The 
reaction was stopped by adding 20 [i\ 2N HCl and the hydrolyzed colorimetric 
product was monitored at 450 nm absorbance by Microplate spectrophotometer 
(Spectra Max 250). The amount of colorimetric product generated is directly 
proportional to the amount of analysate in the test mixture. The samples of serum 
were diagnosed in duplicate with the average value taken into analysis. The 
concentration of GIH in hemolymph of individual shrimp was determined from the 
standard curve. Statistical analysis of the data was performed by one way analysis 
of variance (ANOVA) followed by Tukey test using SigmaStat software. 
2.3 Results 
2.3.1 Experimental animals 
75 female Metapenaeus ensis with average body length, carapace length and 
body weight of 14.1 cm, 4.6 cm and 33.48 g respectively were examined in this study. 
The morphometric data of female M. ensis at different stages of maturation are 
summarized in Table 2.2. 
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Table 2.2 Body length (BL), carapace length (CL), body weight (BW), ovary weight 
(OW), gonado-somatic index (GSI) of female Metapenaeus ensis at different stages of 
ovarian maturation 
Stages of ovarian maturation 
I II III IV V 
BL (cm) 12.2±0.5 14.2±1.2 14.9±0.9 14.3士0.8 14.9士 1.0 
CL (cm) 3.5士0.2 4.5±0.7 5.0±0.5 4.8±0.6 5.0±0.6 
BW(g) 22.84士2.89 3 4 . 3 6 ± 7 . 2 5 36.21±6.15 32.33士 3 . 8 1 41.68 土 4 . 6 7 
OW (g) 0.25±0.12 0.89士0.24 1.71 士0.32 2.61±0.42 4.09±0.54 
GSI* (%) 1.06±0.47 2.58±0.34 4.96±0.65 8.23±0.74 9.82土0.44 
No. of shrimp 14 11 29 13 8 
Values expressed as mean 士 S.D. 
*Gonado-somatic index (GSI) was calculated by the equation: [(ovary wet weight / 
body wet weight) X 100%；. 
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2.3.2 Purification ofanti-GIH IgG 
Anti-GIH IgG was purified from antiserum against GIH by protein G affinity 
column. 2.5 ml antiserum yielded about 1.5 mg anti-GIH IgG. The activity of 
antibody after purification was analyzed by Western blot (Fig. 2.2). The result of 
immunodetection revealed the specific recognition of the recombinant GIH molecule 
in the size of approximately 14 kD and 28 kD representing the forms of monomer and 
dimmer respectively. The results show that anti-GIH IgG can specifically 
recognized recombinant GIH even at high dilution (1:80,000). 
2.3.3 Optimization of indirect ELISA 
In order to determine the level of GIH in hemolymph of Metapenaeus ensis, 
indirect ELISA was developed. Titering of anti-GIH IgG showed that 100 ng/ml 
anti-GIH IgG gave the highest signal and this concentration of antibody was selected 
for analysis (Fig. 2.3). Besides, as revealed in the standard curve, the reading of OD 
450 nm was directly proportional to the concentration of recombinant GIH coated 
onto the plate (Fig. 2.4). The present ELISA system developed can specifically 
recognize GIH molecule in the range of 2 ng/ml to 20 ng/ml (0.2 ng/well to 2 ng/well). 
Since other neuropeptides within CHH neuropeptide family may also react with 
anti-GIH IgG by their similar amino acid structure, cross-reactivity of anti-GIH IgG 
was assessed. As reviewed in chapter 1, CHH shares less similarity with either MIH 
or GIH and is separated as a sub-group from the CHH/MIH/GIH family. Hence, 
only MIH was selected for the cross-reactivity assay. The result showed that 
anti-GIH IgG could specifically recognize GIH, while, MIH was only poorly 
recognized in low extent (Fig. 2.5). This result indicates that anti-GIH IgG is highly 
specific to GIH but not other similar peptides. 
Besides, whether substances other than GIH in serum of shrimp would interfere 
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Fig. 2.2 Titering of anti-GIH IgG by Western analysis. 200 ng of recombinant GIH 
(lanes 1-6) was separated by 15% SDS-PAGE and transferred to nitrocellulose 
membrane. The individual lanes were immunodetected by serial diluted rabbit 
anti-GIH IgG. M: prestained high range standard protein markers (Gibco). 
Immunodetection revealed the specific recognition of the recombinant GIH molecule 
in the size of approximately 14 kD and 28 kD representing the forms of monomer and 
dimmer respectively. Since the recombinant GIH molecule was His-tagged to 
facilitate for protein purification, the size of recombinant GIH molecule was larger 
than the native form which is approximately 7000 Da. 
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Titering of anti-GIH IgG by indirect ELISA 
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Fig. 2.3 Titering of anti-GIH IgG by indirect ELISA. Serial diluted GIH standard 
was coated onto EIA-plate and incubated with different concentrations of anti-GIH 
IgG (40 ng/ml，60 ng/ml, 80 ng/ml or 100 ng/ml). The bound antibody was detected 
by 1:5000 goat anti-rabbit IgG with HRP conjugate. After the substrate TMB was 
added for HRP enzymatic reaction followed by stopping the reaction by HCl，the 
colorimetric product was measured at 450 nm absorbance. 
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Standard curve for indirect ELISA 
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Fig. 2.4 Standard curve for indirect ELISA. Standard GIH in different 
concentration (represented by x-axis) was coated onto EIA-plate and incubated with 
100 ng/ml anti-GIH IgG. The bound antibody was detected by 1:5000 goat 
anti-rabbit IgG with HRP conjugate. After the substrate TMB was added for HRP 
enzymatic reaction followed by stopping the reaction by HCl, the colorimetric product 
was measured at 450 nm absorbance. 
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Fig. 2.5 Cross-reactivity of anti-GIH IgG Either standard GIH or MIH in different 
concentration was coated onto EIA-plate and incubated with 100 ng/ml anti-GIH IgG 
The bound antibody was detected by 1:5000 goat anti-rabbit IgG with HRP conjugate. 
After the substrate TMB was added for HRP enzymatic reaction followed by stopping 
the reaction by HCl, the colorimetric product was measured at 450 nm absorbance. 
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with the binding of anti-GIH IgG to antigen GIH, interference analysis was performed 
(Fig. 2.6). Serial diluted serum of one sample was reacted with anti-GIH IgG. The 
reaction curve was then compared to the standard curve. Generally, if the slope of 
the reaction curve is greatly different from that of the standard curve, the way of 
antibody recognition with serum would be different from that with standard antigen. 
The result showed that the slopes of both reaction curve and standard curve are 
similar indicating no significance interference between the serum of female shrimp 
and the reaction of anti-GIH IgG. 
2.3.4 Determination of circulating GIH in hemolymph 
The circulating GIH level in hemolymph was determined in 75 serum samples 
from shrimp with GSI ranged from 0.3% to 10.48%. The mean level of GIH in 
hemolymph of M. ensis at stage I, II, III, IV and V were 21.14 ng/ml, 11.07 ng/ml, 
11.44 ng/ml, 11.15 ng/ml and 10.41 ng/ml respectively. The results indicated that 
GIH level at stage I of maturation (immature, GSI <2%) was the highest and 
significantly higher than the other four stages (P = 0.001, ANOVA followed by Tukey 
test) (Fig. 2.7). There is no significant variation in GIH level among the other four 
stages of maturation. The GIH level was the lowest at stage V of maturation (ripe, 
GSI >9%). 
The relationship between circulating GIH level and GSI is illustrated in Fig. 2.8. 
The level of GIH ranged from about 7 ng/ml to 43 ng/ml at stage I of maturation and 
2 ng/ml to 20 ng/ml at stages II to V. Although the level of GIH varied between 
individuals, the GIH level was high in shrimp with low GSI (<2%) and remained 
relatively constant when GSI exceeded 2%. 
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Fig. 2.6 Interference analysis of anti-GIH IgG. Either serial diluted GIH standard 
or serum of one sample was coated onto EIA-plate and incubated with 100 ng/ml 
anti-GIH IgG. The bound antibody was detected by 1:5000 goat anti-rabbit IgG with 
HRP conjugate. After the substrate TMB was added for HRP enzymatic reaction 
followed by stopping the reaction by HCl, the colorimetric product was measured at 
450 nm absorbance. 
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Circulating GIH level in hemolymph of Metapenaeus ensis 
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Fig, 2.7 Circulating GIH level in hemolymph of Metapenaeus ensis at different 
stages of maturation. 10-fold diluted serum at different stages of maturation was 
coated onto EIA-plate and incubated with 100 ng/ml anti-GIH IgG. The bound 
antibody was detected by 1:5000 goat anti-rabbit IgG with HRP conjugate. After the 
substrate TMB was added for HRP enzymatic reaction followed by stopping the 
reaction by HCl, the colorimetric product was measured by 450 nm absorbance. 
Error bars indicate standard error of mean (SEM). Numbers in parentheses indicate 
the sample number in each group. Statistical analysis of the data was performed by 
one way analysis of variance (ANOVA) followed by Tukey test. Values with 
different letter superscripts were significantly different (P = 0.001). 
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The relationship between circulating GIH level in haemolymph of Metapenaeus ensis and gonado-somatic 
index (GSI) 
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Fig. 2.8 Relationship between circulating GIH level in hemolymph and 
gonado-somatic index (GSI) of Metapenaeus ensis. 
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2.4 Discussion 
There have been little studies on the determination of circulating neuropeptide 
levels in hemolymph of crustaceans. Chang et al. (1998, 1999b) and De Kleijn et al. 
(1998) determined the CHH and GIH levels in hemolymph of the lobster Homarus 
americanus by double-sandwich ELISA. Briefly, primary antibody against 
neuropeptide (CHH or GIH) was coated onto the plate. Samples of hemolymph 
were incubated to allow for binding to the coated antibody. Biotin labeled antibody 
against neuropeptide (CHH or GIH) was then incubated. Signal of colorimetric 
product was then developed by incubation of streptavidin-peroxidase and the 
subsequent addition of substrate. This type of ELISA has high sensitivity to the 
antigen but has the disadvantage of high background. Double-sandwich ELISA has 
not been utilized in the present study. It is because the binding efficiency of 
antibody after biotinylation was found to be greatly reduced when checked by 
Western blot analysis in my preliminary study (Fig. 2.9). Anti-GIH IgG before 
biotinylation can specifically recognize recombinant GIH even at high antibody 
dilution of 1:80,000. After biotinylation, however, the sensitivity reduced to 
1:20,000 of anti-GIH IgG dilution. Possibly biotin was labeled in the light chains of 
antibody so that its recognizing ability to antigen was greatly affected. Moreover, 
for better assay, the primary antibody used for coating usually is monoclonal 
(Crowther, 2001), which is not available the present study. As a result, the 
sensitivity of assay using double-sandwich ELISA was only 50 — 450 ng/ml, much 
lower than the indirect ELISA used for diagnosis in the present study (2 - 20 ng/ml of 
GIH). 
Competitive ELISA has also been used to assess the concentration of GIH in 
hemolymph of M. ensis (Gu, 1998). Generally, the plate was coated with GIH 
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Fig. 2.9 Titering of anti-GIH IgG after biotinylation by Western analysis. 
Anti-GIH IgG was biotin labeled by Biotin Labeling Kit (Boehringer). 200 ng of 
recombinant GIH (lanes 1-6) was separated by 15% SDS-PAGE and transferred to 
nitrocellulose membrane. The individual lanes were immunodetected with serial 
diluted biotinylated anti-GIH IgG. Then, the bound antibodies were detected by (A) 
goat anti-rabbit IgG AP-conjugate and substrate NBT-BCIP, or, (B) SA-HRP and 
substrate DAB-H2O2. As revealed in this Western blot, the binding efficiency of 
anti-GIH IgG to the antigen was greatly reduced after biotinylation when compared to 
Fig. 2.2. M: prestained high range protein standard. 
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Standard and incubated with both anti-GIH IgG and sample of hemolymph. The 
GIH in hemolymph competed with the coated GIH standard for the antibody. Hence, 
the detection of GIH in hemolymph is a result of inhibition of antibody binding and 
the subsequent decrease in signal. However, in my preliminary study on the 
determination of GIH level using competitive ELISA, it was found that the 
concentration of the resultant GIH calculated in serum samples was too varied to 
make conclusion (data not shown). It is likely that other substances (including 
impurities) in the hemolymph interfere for antibody binding so the result did not truly 
represent the GIH level in hemolymph. Thus, the present study attempted to use 
indirect ELISA to determine the GIH level in the hemolymph of M. ensis. The 
reaction signal obtained was contributed by the specific reaction between anti-GIH 
IgG and corresponding antigen in hemolymph. This method provides a direct and 
sensitive assay for the determination of GIH level in hemolymph of M. ensis with 
reduced background. Indirect ELISA has also been utilized for the assessment of 
GIH reactivity in sinus gland extract after HPLC purification in lobster (Meusy et cd,, 
1987). Determination of circulating vitellogenin level in hemolymph of crayfish, 
Cherax quadricarinatus was also conducted using indirect ELISA (Sagi et al., 1999). 
The technique developed in the present study can detect as little as 2 ng/ml (0.2 
ng/well) GIH molecule in hemolymph of M. ensis. The detective range of indirect 
ELISA developed here was 2 - 2 0 ng/ml of GIH. Chang et al (1998) showed that 
the level of CHH in hemolymph of Homarus americanus at rest was 20 fmol/ml 
(equivalent to 0.17 ng/ml). The concentration increased to 168.1 fmol/ml 
(equivalent to 1.41 ng/ml of CHH) in animals under emersion stress. The circulating 
CHH level in the crab Cancerpagurus was reproted to be 0.15 - 0.25 ng/ml (Webster, 
1996). In the present study, the circulating GIH level in M. ensis ranged 2 - 4 0 
ng/ml. The average GIH level at stage I of maturation was 21.14 ng/ml and 11.02 
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ng/ml at stages II to V. These values were much higher than those reported in 
previous studies on the concentration of circulating neurohormone in hemolymph of 
other decapod crusteaceans. However, it is noteworthy that in the previous studies, 
whole hemolymph was used for analysis. In the present study, however, serum was 
extracted from the whole hemolymph and used for diagnosis. This step has already 
purified and concentrated the analysate to a considerable extent. Nevertheless, we 
cannot exclude the possibility of non-specific binding and cross-reactivity of other 
structurally related peptides that would elevate the concentration measured in the 
present study. 
Despite the uncertainty in the absolute amount of GIH in hemolymph of M. ensis, 
the relative difference in GIH levels among various maturation groups reveals the 
change of GIH level in hemolymph of M. ensis during maturation. Up to now, there 
is no data on the circulating GIH concentration in hemolymph of decapod. De 
Kleijn et al. (1998) did not present the circulating GIH levels of lobster as absolute 
concentrations, but expressed them in arbitrary unit instead. 
In the present study, circulating GIH level in hemolymph of M. ensis was the 
highest at immature stage (stage I, GSI <2%). The level of GIH dropped 
significantly at developing stage (stage II, GSI 2-3%) and maintained at a constant 
level in subsequent stages (early mature, late mature and ripe stages). The present 
result demonstrates a significant difference in the GIH level in hemolymph of shrimp 
between immature stage and mature stages. It is evidenced that during the onset of 
vitellogenesis, the GIH level in hemolymph significantly dropped. Moreover, the 
GIH level was kept at low level during the course of vitellogenesis. This coincides 
to the function of GIH in inhibiting vitellogenesis in crustaceans. Gu (1998) has also 
shown that the GIH level (previously referred as MIH-B) in hemolymph of M. ensis 
was higher at previtellogenic stage than vitellogenic stage using competitive ELISA. 
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De Kleijn et al. (1998) have also investigated the GIH level in hemolymph of the 
female lobster, Homarus americanus by double-sandwich ELISA. Similarly, they 
found that the GIH level in hemolymph of the lobster was significantly high at 
immature and previtellogenic stages, revealing the vitellogenesis-inhibitory function 
of GIH. Yet the GIH level was unexpectedly resumed at mature stage reflecting that 
GIH may exert its effect early at mature stage. However, high level of GIH was 
found only at immature stage in the present study indicating that the effect of GIH 
was not exerted in M. ensis at mature stages. 
It is interesting to note that from immature stage to ripe stage, the GIH level did 
not decrease gradually but dropped abruptly from immature stage (stage I) to 
developing stage (stage II). This gives us some cues to the mode of regulation of 
vitellogenesis by GIH. The sudden drop of GIH level is correlated with the onset of 
vitellogenesis in M. ensis. It seems that the onset of vitellogenesis is regulated by 
the titer of circulating GIH in the shrimp. Once the level of GIH drops dramatically, 
the onset of vitellogenesis initiates. Perhaps GIH is involved in the vitellogenin (Vg) 
gene expression so that a significant drop in GIH titer would turn on the gene 
expression. In addition, it has been postulated that the mode of action of GIH is to 
inhibit the Vg binding to its receptor on oocytes, by binding to Vg directly or 
competing with Vg for the receptor on oocyte membrane (Charniaux-Cotton and 
Payen, 1988). According to this postulation, the more vitellogenesis has proceeded, 
a gradual reduction of GIH titer should be observed. However, this pattern was not 
observed in this study. Regarding the mode of regulation of GIH on vitellogenesis 
and whether Vg gene expression is related to the presence of GIH, expression study of 
Vg gene as well as circulating Vg level in hemolymph during maturation should be 
investigated in future studies. 
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Chapter 3 -- Identification of genes differentially expressed 
during ovarian maturation in the shrimp，Metapenaeus ensis 
3.1 Introduction 
In understanding the changes involved in ovarian maturation of penaeid shrimp, 
the molecular changes of ovary have rarely been investigated. There is no doubt that 
the reliance on biotechnology in shrimp aquaculture is of increasing importance. 
More information in the reproductive biology of penaeids at the molecular level is 
required. Hence, in this study, the molecular changes of ovary in Metapenaeus ensis 
during maturation will be investigated. 
The detailed information on gene expression during maturation is very limited in 
penaeid shrimp (Benzie, 1998). There have been studies on differential gene 
expression in penaeids during larval development based on allozyme analysis. 
Regarding gene expression during ovarian maturation, much attention has been paid 
to the studies of particular genes of interest, such as gene encoding vitellogenin. 
Extensive investigation on gene expression of penaeids during maturation is rare. 
By using RNA fingerprinting method, the present study provides extensive and 
fundamental information about the differential gene expression of ovary during 
maturation of M. ensis. 
RNA fingerprinting method will be used in present study to identify genes that 
differentially expressed during ovarian maturation of M. ensis. Briefly, the 
technique of RNA arbitrarily primed PGR (RAP-PCR) (Welsh et al” 1992) will be 
utilized to generate different cDNA products that reveal the differential gene 
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expression at various maturation stages. By using these products to screen the 
ovarian cDNA library of M. ensis, genes that are suspected to be differentially 
expressed will be identified. The expression pattern is finally verified by Northern 
analysis. This strategy provides a quick method to identify a large number of 
differential expressed genes and the complete length of corresponding cDNAs can 
easily be obtained. 
3.2 Materials and methods 
3.2.1 Outline of methodology 
The outline of the methodology used in the present study is given in Fig. 3.1. 
Briefly, total RNA from ovarian tissue of Metapenaeus ensis at different maturation 
stages was extracted separately for RNA arbitrary-primed PCR (RAP-PCR). Three 
representative stages (stages I, III and V) were selected for analysis. The RAP-PCR 
products generated reveals the differential expression of genes among the three 
maturation stages. These products were then used to make probes for dot-blot 
hybridization. On the other hand, ovarian cDNA library of M. ensis was grown up in 
LB plate and the cDNA inserts in vectors were obtained by PCR. The PCR products 
were dotted on nylon membrane in triplicate. Each set of membrane was then 
hybridized with probes from each of the three stages. The signal generated in 
dot-blot hybridization was compared among stages and the genes which showed 
differential expression pattern were identified and selected from the library for DNA 
sequencing (Trenkle et at., 1999). The sequences obtained were compared to the 
reported genes in GenBank database. The genes of interest were chosen for 
Northern hybridization to further verify the differentially expression pattern. 
The present study used to identify differentially expressed genes is different from 
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the traditional technique in which bands were isolated directly from RAP-PCR gel 
followed by PCR amplification and cloning (Welsh et al” 1992). In the latter case, 
bands appeared in RAP-PCR gel only represent short fragments of genes. Much 
work has to be done to obtain the full length cDNA. Moreover, a band appeared on 
the gel may contain a mixture of genes with similar size. This usually leads to 
confusion in identifying which one is actually differentially expressed. The present 
study utilizes the RAP-PCR products as probes to screen for the cDNA library. By 
using this technique, full length cDNA of differentially expressed genes can be 
obtained. In addition, some bands appear as weak signal on the RAP-PCR gel that 
are difficult to recognize and isolate, can be identified by using the present technique. 
Moreover, the problem caused by mixture of genes included in single band on the 
RAP-PCR gel can be avoided (Trenkle et at., 1999). 
3.2.2 Experimental animals 
Metapenaeus ensis females at different ovarian maturation stages were acquired 
from local market. The maturation stages were classified into five stages as 
described in section 2.2.1. Body length, body weight, carapace length, ovary weight 
and gonado-somatic index (GSI) were measured. The ovarian tissues from the 
shrimp were isolated for total RNA extraction. 
3.2.3 Total RNA extraction 
About 0.1 g of ovarian tissue was dissected and homogenized in liquid nitrogen. 
The homogenized tissue was mixed by vortex in 1 ml TRIZOL reagent (Gibco) at 
room temperature for 15 min and incubated for an additional 5 min. The mixture 
was then centrifuged at 12000 g for 10 min at 4°C. The supernatant was transferred 
to a new 1.5 ml tube and 0.2 ml chloroform was added. The mixture was shaken 
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Fig. 3.1. Outline of methodology — identification of genes differentially expressed 
during ovarian maturation in the shrimp, Metapenaeus ensis. See section 3.2.1 for 
detailed description. 
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vigorously for 15 s and then incubated for 5 min at room temperature. RNA, protein 
and DNA fractions were separated by centrifuging at 12000 g for 15 min at 4°C. 
The colorless aqueous upper layer was then transferred to a new 1.5 ml tube. RNA 
was then precipitated by the addition of 0.5 ml isopropanol. The mixture was mixed 
by inversion for 5 times and incubated for 10 min at room temperature. After 
centrifugation at 12000 g for 10 min at 4°C, the supernatant was discarded carefully. 
The RNA pellet was then washed by adding 1 ml 75% ethanol and mixing by vortex. 
The RNA was centrifuged at 12000 g for 5 min at 4°C and the ethanol was then 
discarded. The RNA pellet was air-dried for 10 min by inverting tube with the lid 
opened. Drying by centrifugation under vacuum was avoided to prevent over drying. 
The pellet was finally dissolved in 50 jLil DEPC-treated water and incubated at 55°C 
for 10 min with the lid opened to allow for ethanol evaporation. The concentration 
of RNA was determined by reading at 260 nm absorbance using RNA/DNA calculator 
(GenQuant II, Pharmacia). The purity of RNA was checked by the ratio of 260 
nm/280 nm absorbance, which should be >1.65. The integrity of RNA was checked 
by 1% RNA denaturing gel electrophoresis (section 3.2.16). 
3.2.4 RNA arbitrarily primed PGR (RAP-PCR) 
Principle 
RAP-PCR is a method of RNA fingerprinting which is based on the selective 
amplification of cDNA sequences from mRNA, that are flanked by arbitrarily chosen 
primer (Liang and Pardee, 1992; Welsh et al., 1992; 1995; McClelland and Welsh, 
1994; McClelland et al., 1997; Rothschild et al., 1997). The primer chosen for 
RAP-PCR of 18 to 20-nucleotides long is annealed to the mRNA template during 
reverse transcription. The primer for second strand synthesis is the same as that used 
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in the reverse transcription. The annealing temperature was set low (35°C) so as to 
allow for low stringent matching. The matching of primer to template, thus, is by 
random chances. Complementarity with the template in the first 7-8 bases at the 3’ 
end of the chosen primer can initiate the amplification. Surely the efficiency of the 
interaction with primer is with respect to the abundance of the template. Hence, the 
different amplification profiles generated are the result of differential expression of 
genes under various physiological changes. 
RNA fingerprinting by RAP-PCR is a fast and simple method to compare the 
expression patterns of two or more physiological stages in parallel at a time. 
Moreover, there is a tendency of self-annealing of abundant genes occurring at low 
temperature of PCR (“Cot effect") that reduces the amplification efficiency. Some 
less abundant transcripts take the advantage to have a chance to be visible and can 
potentially be identified. Besides, the use of arbitrary primer to produce fingerprint 
products allows internal RNA fragments to be sampled and prevents the problem of 3' 
bias. It is known that 3'ends of numerous RNA tend to be noncoding and the 
sequences are less conserved. 
Chemicals and reagents 
DNase I treatment 
• DNase I amplification grade, lOx DNase I reaction buffer and 25 mM EDTA 
were provided by Gibco 
- DEPC-treated water: 
0.1% DEPC (diethyl pyrocarbonate, Sigma) treated extra pure water 
Reverse transcription 
• Arbitrarily chosen primer (20 |liM) (Genset): 
CK70u - 5' AGGGTGTCGGGAGTATGC 3’ 
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• 5x first strand buffer and 200U/iil MMLV reverse transcriptase were provided by 
USB 
• 0.1 M DTT (dithiothreitol) (Gibco) 
• 10 mM dNTP mix (Amersham Pharmacia): 
10% (v/v) dATP, 10% (v/v) dTTP, 10% (v/v) dCTP and 10% (v/v) dGTP in 
DEPC-treated water 
• RT reaction mixture: 
Ix first strand buffer, 10 mM DTT, 0.1 mM dNTP and 10 U/jul MMLV reverse 
transcriptase in DEPC-treated water 
Second strand reaction 
• lOx MgCh-free reaction buffer, 25 mM MgCb and Taq DNA polymerase were 
provided by Promega 
• Arbitrarily chosen primer (20 ^M) (Genset): 
CK70u - 5，AGGGTGTCGGGAGTATGC 3' 
• 10 mM dNTP mix (100 mM stock from Amersham Pharmacia): 
10% (v/v) dATP, 10% (v/v) dTTP, 10% (v/v) dCTP and 10% (v/v) dGTP in 
extra pure water 
• PCR reaction mixture: 
Ix MgCb-free reaction buffer, 2.5 mM MgCb, 0.1 mM dNTP mix, 0.5 ^M 
arbitrary primer (CK70u) and 0.05 U/|LI1 Taq polymerase in extra pure water 
Procedure 
DNase I treatment 
In order to ensure that the RAP-PCR products were derived from RNA 
sequences, DNA contaminant during reverse transcription was removed by DNase I 
treatment. For each reaction, exact 2 ]Lig of RNA was mixed with DEPC-treated 
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water to a final volume of 8 )il. 1 jiil lOx DNase I reaction buffer and 1 |li1 DNase I 
were then added. The mixture was incubated for 15 min at room temperature. The 
reaction was then stopped by adding 1 |li1 25 mM EDTA and incubating for 10 min at 
65°C. It is important that the RNA from each stage was identical in quality and 
quantity in order to avoid quality- or concentration-dependent difference generated in 
RAP-PCR. 
Reverse transcription 
For each reaction, 2 )li1 DNase I treated RNA was mixed with 1 \i\ arbitrarily 
chosen primer, CK70u, and 9 [i\ DEPC-treated water. The mixture was incubated for 
10 min at 7 0 ° C and chilled in ice immediately. 8 |liI R T reaction mixture was then 
added to make a final volume of 20 |li1 for reaction. The reaction was carried out by 
incubation for 1 hour at 37°C followed by 15 min at 70°C. The product was kept at 
4°C. 
Second strand reaction 
After first strand synthesis, second strand reaction was carried out by adding 20 
|Lil PCR reaction buffer to a final volume of 40 |LI1 for reaction. The primer used in 
this reaction was the same as the one used in reverse transcription. The RCR 
reaction was performed by Peltier Thermal Cycler PTC-200 (MJ Research). The 
product was analyzed by 2% agarose gel electrophoresis (section 3.2.5) or by 12.5% 
polyacrylamide gel electrophoresis (GeneGel Excel, Pharmacia) (section 3.2.6). The 
thermal cycle of PCR is as follow: 
1 cycle of [94°C for 2 min; 35°C for 2 min; ITC for 1.5 min] 
40 cycles of [94°C for 45 sec; 55°C for 1 min; ITC for 1.5 min] 
11�C for 5 min 
kept at 4°C 
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3.2.5 DNA electrophoresis by agarose gel 
Chemicals and reagents 
• 100 base-pair ladder (Amersham Pharmacia) 
• 1% agarose gel: 1% (w/v) agarose (Biowhittaker) in Ix TAB buffer 
2% agarose gel: 2% (w/v) agarose (Biowhittaker) in Ix TAE buffer 
• 6x DNA loading buffer: 
1 mM EDTA, 0.25% (v/v) bromophenol blue and 0.25% (v/v) xylene cyanol in 
extra pure water 
• 1 Ox TAE buffer: 
400 mM Tris-base, 400 mM acetic acid and 10 mM EDTA in extra pure water 
Ix TAE buffer was prepared for running buffer 
Procedure 
DNA samples and DNA ladder were mixed with DNA loading buffer and 
separated in agarose gel at 80 V in Ix running buffer. The gel was then stained in 
ethidium bromide (0.005% (v/v) in distilled water) for 30 min and visualized under 
UV illumination. 
3.2.6 DNA electrophoresis by polyacrylamide gel 
For higher resolution, the RAP-PCR products were separated in a 12.5% 
polyacrylamide gel by GeneGel Excel 12.5/24 Kit (Pharmacia) in GenePhor 
Electrophoresis Unit. 6 ng of DNA samples were mixed with 2 \i\ sample buffer (10 
mM Tris, 1 mM EDTA, 0.05% (w/v) xylene cyanol and 0.04% (w/v) bromophenol 
blue in extra pure water, pH 7.5) and applied to the ready-to-use polyacrylamide gel 
which was set up in the electrophoresis unit following manufacturer's instructions. 
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Electrophoresis was performed at 600 V for about 80 min at 15°C. The gel was then 
silver-stained by PlusOne DNA Silver Staining Kit (Pharmacia) in Hoefer Automated 
Gel Stainer (Pharmacia). The procedure of gel fixing, silver impregnation, washing, 
signal development, signal stopping and gel preserving followed the manufacturer's 
protocol. 
3.2.7 Preparation of DIG-labeled probe from PCR product 
Before probe labeling, the PCR product was purified by PCR Purification Kit 
following the instructions of manufacturer (Qiagen). The concentration of purified 
DNA was then determined at 260 nm absorbance using RNA/DNA calculator 
(GenQuant II, Pharmacia). 400 ng of DNA template was mixed with extra pure 
water to a final volume of 16 \i\ and denatured for 10 min at 95 °C. The denatured 
DNA was chilled in ice immediately and then mixed with 4 jiil digoxigenin mixture 
(DIG-High Prime, Roche). The labeling reaction was performed at 37°C for 20 
hours. The reaction was then stopped by incubation for 10 min at 65°C. The 
product was checked for labeling efficiency and stored at -20°C until hybridization. 
3.2.8 Checking for DIG-labeling yield 
Chemicals and Reagents 
The materials used for washing and chemiluminescent detection are given in section 
3.2.12 
Procedure 
This step aims to estimate the probe yield after DIG-labeling by direct detection. 
DIG-labeled probe and DIG-label control (Roche) were serially diluted from 1 ng/|xl 
to 0.3 pg/pl 2 fil of each dilution were then dotted on nylon membrane (Hybond-N+, 
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Amersham Pharmacia) by pipette. The membrane was UV crosslinked at 300 mJ 
(XL-1000 UV Crosslinker, Spectrolinder) and used for DIG chemiluminescent 
detection. The membrane was first rinsed with washing buffer for 2 min and then 
blocked with Ix blocking buffer for 30 min at room temperature. 1:20,000 
anti-DIG-AP conjugate in Ix blocking solution was then incubated for 30 min at room 
temperature. The unbound antibodies were washed away twice with washing buffer 
for 15 min at room temperature. The membrane was equilibrated with detection 
buffer for 1 min at room temperature. CSPD substrate solution (10 |il CSPD in 1 ml 
detection buffer) was applied onto the membrane sealed in hybridization bag. The 
membrane was allowed to set for 5 min at room temperature. The luminescent 
reaction was enhanced by incubating the membrane with CSPD at 37°C for 10 min. 
The membrane was exposed to Lumi-Imager (Roche) for 1-10 min to detect the 
luminescent signal. The signal intensity developed in each dilution was compared to 
that of the control. Similar signal intensity of the probe in test with that of the 
control indicates a satisfactory labeling yield (Fig. 3.2). 
3.2.9 Excision of cDNA library from ovary of Metapenaeus ensis 
The library was acquired from Dr. S.M Chan at HKU. The library was 
constructed from the ovary of a single M. ensis at maturation stage III to IV using 
ZAP Express cDNA Synthesis Kit (Stratagene). The cDNA synthesis kit utilizes 
lambda phage as vector and the cDNA synthesized is complete and unidirectional. 
Chemicals and reagents 
• Host bacteria and phage: 
XL 1-Blue MRF' strain, XLOLR strain and ExAssist interference-resistant helper 
phage were available in ZAP Express cDNA Synthesis Kit (Statagene) 
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Fig. 3.2. Checking for DIG-labeling yield. Four probes after DIG-labeling were 
tested for labeling yield (see section 3.3.8 for procedure). Different dilutions (D1 -
D6) of probes and control (Roche) were dotted on membrane and detected by 
chemiluminescence. The dilutions are indicated as follow: D1 - 1 ng/jal; D2 - 10 
pg/|al; D3 - 3 pg/^il; D4 — 1 pg/^1; D5 - 0.3 pg/jiil and D6 - 0 pg/^ 1. The 
concentration of probe after labeling was estimated by comparing the signal intensity 
to that of the DIG-labeled control (Roche). 
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• LB broth: 
1% (w/v) NaCl, 1% (w/v) tryptone, 0.5% (w/v) yeast extract in extra pure water, 
pH 7.0 
• LB agar: 2% (w/v) agar in LB broth 
• 5xNZY broth: 
2.5% (w/v) NaCl, 1% (w/v) MgSCVTHsO, 2.5% (w/v) yeast extract, 5% (w/v) 
NZ amine (casein hydrolysate) in extra pure water, pH 7.5 
• NZY top agar: 0.7% (w/v) agarose in NZY broth 
• LB-tetracycline agar: tetracycline (15 |Lig/ml) in LB agar 
• LB-kanamycin agar: kanamycin (50 jiig/ml) in LB agar 
Procedure 
Preparation of host bacteria 
A loop of bacterial glycerol stock (XL 1-Blue M R F cell and XLOLR cell) was 
streaked onto a prewarmed LB-tetracycline agar plate and grown at 37°C overnight. 
Single colonies were inoculated into LB broth with sterile 0.2% (w/v) maltose and 10 
mM MgS04 and grown again at 30°C overnight or 37°C for 4-6 hours with shaking. 
The bacterial cells were harvested by centrifugation at 3000 g for 5 min and 
resuspended in sterile 10 mM MgSCU to ODeoo of 0.5. 
Plating and titering 
The titer of library and helper phage was estimated separately before excision. 
The lambda phage library or helper phage was 10^ lO^ and 10^ diluted with 10 mM 
MgSCU. 1 |xl of each dilution was combined with 200 |li1 of XL 1-Blue M R F cell 
prepared as above. After incubation at 37�C for 15 min, 2 ml NZY top agar (melted 
and cooled to about 48°C) was added and the mixture was plated onto prewarmed 
NZY agar plate immediately. The plate was allowed to set for 10 min and then 
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incubated at 37°C overnight. The titer of library (pfu/ml) was estimated as follows: 
[number of plaques (pfu) X dilution factor] / volume plated (ml) 
Mass excision of library 
The procedure for mass excision of library was based on the protocol provided 
by ZAP Express cDNA Synthesis Kit (Stratagene). For preparing bacterial cells for 
library excision, XL 1-Blue MRF' cells were grown in NZY broth with sterile 0.2% 
(w/v) maltose and 10 mM MgSCU and XLOLR cells were grown in NZY broth 
without supplement at 30°C overnight or 37°C for 8 hours with shaking. The 
bacterial cells were harvested by centrifugation at 3000 g for 5 min and resuspended 
in sterile 10 mM MgSCU to ODgoo of 1.0. 
10^ pfu of lambda phage library was combined with 10? of XL 1-Blue MRF' cells 
(1:10 lambda phage-to-cell ratio). 10^ pfu of ExAssist helper phage was added (10:1 
helper phage-to-cell ratio). The mixture was incubated at 37°C for 15 min to allow 
absorption. 20 ml NZY broth was then added and the excision was carried out by 
incubation at 37�C for 2.5-3 hour with shaking. The mixture was then heated at 
65-70°C for 20 min and centrifuged at 1000 g for 10 min. 1 |LI1 of supernatant was 
combined with 200 i^ il of XLOLR cells and incubated at 37°C for 15 min. 40 |iil of 
5x NZY broth was added and incubated at 37�C for 45 min. 100 of cell mixture 
was plated on LB-kanamycin agar plate and incubated at 37°C overnight. The cells 
were then randomly picked and tranferred to another two LB-kanamycin agar plates 
(duplication) with number indication (master plate) so as to identify each clone in the 
library. Master plates was incubated at 37°C overnight and then stored at 4�C. 
3.2.10 PGR screening of insertion sequence 
Chemicals and Reagents 
• lOx MgCb-free reaction buffer, 25 mM MgCb and Taq DNA polymerase were 
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provided by Promega 
• Primers (20 jiiM) (Genset): 
T 3 - 5 ' AAT TAA CCC TCA CTAAAG GG 3’ 
T7 - 5, TAA TAC GAC TCA CTA TAG GG 3 ’ 
• 10 mM dNTP mix (100 mM stock from Amersham Pharmacia): 
10% (v/v) dATP, 10% (v/v) dTTP, 10% (v/v) dCTP and 10% (v/v) dGTP in 
extra pure water 
• PCR reaction mixture: 
Ix MgCh-free reaction buffer, 2 mM MgCb, 0.2 mM dNTP mix, 0.2 [LM primer 
T3, 0.2 ILIM primer T7 and 0.04 U/|LI1 Tag polymerase in extra pure water 
Procedure 
Cell lysis 
The insertion sequence of plasmid was obtained by PCR amplification. Cells in 
master plate were picked and suspended in 100 pi extra pure water. Cell lysis was 
performed by heating at 94°C for 10 min. 
PCR screening 
5 |il of supernatant from cell lysis was transferred to another PCR tube 
containing 50 |LI1 PCR mixture and PCR was performed in Peltier Thermal Cycler 
PTC-200 (MJ Research). The success of PCR was analyzed by 1% agarose gel 
electrophoresis (section 3.2.5). The PCR product which represents a gene clone in 
the library was used to dot on nylon membrane (section 3.2.11). The thermal cycle 
of PCR is given below. 
94°C for 6 min 
35 cycles of [94°C for 50 sec; 60°C for 50 sec; ITC for 50 sec] 
72°C for 10 min 
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kept at 4°C 
3.2.11 Dot-blot 
Chemicals and reagents 
• 20x SSC (sodium citrate sodium chloride buffer): 
3 M NaCl, 0.3 M sodium citrate in extra pure water, pH 7.0 
Procedure 
Sample treatment 
10 |Lil of PCR product from section 3.2.10 was mixed with 20 of 2 M NaOH 
and 170 |il extra pure water. The DNA was denatured at room temperature for 30 
min. 
Dot-blot 
Dot-blot was performed using Bio-Dot Microfiltration apparatus (Bio-Rad) 
under vacuum. The procedure was modified from the suggested protocol from 
manufacturer. Nylon membrane (Hybond-N+, Amersham Pharmacia) and the 
apparatus were assembled according to the manufacturer's instructions. Each 
membrane (11.5 cm X 8 cm) accommodated 96 samples. 300 jiil of extra pure water 
was applied into each well of the apparatus. Water was passed through the 
membrane when vacuum was applied. 190 of sample mixture was then applied to 
each well and introduced onto membrane. The transferal of sample was facilitated 
by adding 200 |LL1 of 20x SSC twice. The vacuum was continued to apply for 2-3 min 
and then the apparatus was disassembled. The membrane was allowed to air-dry for 
at least 1 hour followed by baking at 80°C for 2 hours. The membrane was wrapped 
with filter papers or cling wrap and stored at room temperature until hybridization. 
Totally 95 samples were dotted on each membrane’ Water was dotted in the last 
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position to act as negative control. Moreover, three identical membranes were 
produced and each set was hybridized with probe from each maturation stage. 
3.2.12 Dot-blot hybridization 
Chemicals and reagents 
• 20x SSC: 
3 M NaCl, 0.3 M sodium citrate in extra pure water, pH 7.0 
• Buffer 1 (maleic acid buffer): 
0.1 M maleic acid and 0.15 M NaCl in extra pure water; adjusted to pH 7.5 with 
solid NaOH 
• 10% N-lauroylsarcosine: 
10% (w/v) N-lauroylsarcosine in extra pure water 
• 10% SDS (sodium dodecyl sulfate): 
10% (w/v) SDS in extra pure water; heating to 68°C to assist dissolution 
• lOx blocking solution: 
10% (w/v) blocking reagent (Roche) in buffer 1; heated in microwave to assist 
dissolution. Ix blocking solution was prepared by diluting stock solution 1:10 
in buffer 1 during detection procedure 
• Washing buffer: 
0.3% (v/v) Tween-20 in buffer 1 
• O.lxSSC with 0.1% SDS: 
0.5% (v/v) of 20x SSC, 1% (v/v) of 10% SDS in extra pure water 
• 2xSSC with 0.1% SDS: 
10% (v/v) of 20x SSC, 1% (v/v) of 10% SDS in extra pure water 
• Detection buffer: 
100 mM Tris-HCl and 100 mM NaCl in extra pure water, pH 9.5 
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• Hybridization solution: 
5x SSC, Ix blocking solution, 0.1% (w/v) N-lauroylsarcosine, 0.02% (w/v) SDS 
in extra pure water 
• Blocking reagent, anti-DIG-AP conjugate and CSPD were provided by DIG 
Luminescent Detection Kit (Roche) 
Procedure 
Pre-hybridization 
The procedures were modified from the protocols of DIG Application Manual 
for Filter Hybridization (Roche). Before hybridization, the membrane was first 
equilibrated by pre-hybridization. Each blot was put into a 100 ml hybridization 
bottle and pre-hybridized with 20 ml hybridization solution at 68°C for 2 hours in 
hybridization oven. Air bubbles between the blot and the wall of bottle were 
minimized. 
Hybridization 
For hybridization, the probe prepared from RAP-PCR product was denatured at 
96°C for 5 min and chilled in ice immediately. The used hybridization solution in 
the bottle was then discarded after pre-hybridization. 2.5 ml prewarmed 
hybridization solution was added again. The entire probe was added and mixed with 
hybridization solution in the bottle. The bottle was put back into oven and 
hybridization was performed at 68°C for 16-20 hours. In dot-blot hybridization, 
three sheets of membrane were hybridized at the same time. Each probe which was 
prepared from RAP-PCR product of each maturation stage studied was hybridized 
with each identical blot. 
Washing and chemiluminescent detection 
Several stringency washes were performed after hybridization to remove the 
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non-specific binding on membrane. The membrane was washed twice with 2x SSC 
with 0.1% SDS for 5 min each at room temperature followed by two high stringency 
washes with O.lxSSC with 0.1% SDS for 15 min each at 68°C. After washing with 
washing buffer for 5 min at room temperature the membrane was blocked with Ix 
blocking buffer for 30 min at room temperature. 1:20,000 anti-DIG-AP conjugate in 
Ix blocking solution was then incubated for 30 min at room temperature. The 
unbound antibodies were removed by washing twice with washing buffer for 15 min 
each at room temperature. The membrane was equilibrated with detection buffer for 
5 min at room temperature. CSPD substrate solution (10 [il CSPD in 1 ml detection 
buffer) was uniformly applied onto the membrane sealed in hybridization bag. 
Wrinkle was avoided between membrane and hybridization bag. The membrane was 
allowed to set for 5 min at room temperature. The luminescent reaction was 
enhanced by incubating the membrane at 37°C for 10 min. The membrane was 
exposed to Lumi-Imager (Roche) from 1-10 min to detect the luminescent signal. 
The intensity of signals developed on membranes was compared among different 
stages. The clone which showed different intensities among stages revealed in 
dot-blot hybridization was selected from the master plate (from section 3.2.9) and 
grown again to obtain plasmid by Minipreps (section 3.2.13). 
Probe stripping for re-hybridization 
This step aims to remove hybridized alkali-labile probe on membrane. The 
membrane was first rinsed thoroughly in double distilled water. The alkali-labile 
DIG-labeled probe was stripped by washing the membrane twice with 0.2 M NaOH 
with 0.1% SDS at 37°C for 15 min. The membrane was then rinsed with 2x SSC for 
5 min and sealed in hybridization bag with 2x SSC to prevent desiccation. The 
membrane was stripped as soon as possible once the chemiluminescent reaction was 
completed. 
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3.2.13 Growth of cell for plasmid preparation 
After each suspected clone with differential display was identified in master 
plate, the clone was picked and cultured again in autoclaved test tube with 
LB-kanamycin broth (50 |Lig/ml) at 37°C overnight for two purposes: DNA sequencing 
(section 3.2.15) and permanent culture preparation (section 3.2.14). For sequencing, 
the plasmid was extracted from XLOLR cells by Minipreps (Promega). The 
procedure of plasmid preparation was given below. 
Chemicals and reagents 
• All the materials required in this section were provided by kit Wizard Plus SV 
Minipreps DNA Purification System (Promega) 
Procedure 
After overnight culture at 37°C, the cells were harvested by centrifugation at 
12000 g for 2 min. Supernatant was discarded and the pellet was resuspended in 250 
|il resuspension solution. 250 pJ lysis solution was added and mixed by inverting the 
tube several times or until the solution changed from turbid to clear. The mixture 
was incubated for 1-4 min at room temperature. 10 pi alkaline protease was added 
followed by incubation for 5 min at room temperature. 350 |LI1 neutralization 
solution was added and mixed by inverting tube several times. Cell debris was 
centrifuged down at 14000 g for 5-15 min at room temperature. The supernatant 
was then transferred to mini-column followed by centrifugation at 14000 g for 1 min 
at room temperature. The column was washed with 750 |il wash solution and 
centrifuged at 14000 g for 1 min. Second wash was performed by adding 250 jiil 
wash solution and centrifuging at 14000 g for 2 min. The mini-column was then 
placed on top of a 1.5 ml tube and the purified DNA was harvested by adding 30 
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nuclease free water to mini-column followed by centrifugation at 14000 g for 1 min. 
The product was determined for its concentration using RNA/DNA calculator 
(GenQuant, Pharmacia) and stored at -20°C. The purified plasmid was utilized for 
cycle sequencing (section 3.2.15). 
3.2.14 Permanent culture preparation 
After overnight culture in LB with antibiotics, 1 ml of bacterial LB culture was 
put into a cryovial. 1 ml of 16% (v/v) DMSO (dimethyl sulfoxide, Sigma) in LB 
was added and mixed with the bacterial culture. The mixture was frozen 
immediately at -70�C. 
3.2.15 DNA Sequencing 
Cycle sequencing 
Chemicals and reagents 
• dRhodamine terminator reaction mix (ABI Prism) 
• Primers (Genset): 
dT25N (0.8 0.8 |iM dT25A, 0.8 jiiM dTisG and 0.8 \iM dT25C 
Ts (0.8 5‘ AATTAACCCTCACTAAAGGG 3' 
Procedure 
1 |Lil plasmid template (>10 ng DNA) was mixed with 4 |LI1 dRhodamine reaction 
mix, 2 |Lil primer (either dT25N or T3) and 3 |ul deionized water to a final volume of 10 
|Lil for reaction. Cycle sequencing reaction was performed in the thermocycler 
(Peltier Thermal Cycler PTC-200, MJ Research) according to the thermal cycle 
below: 
96°C for 1 min 
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25 cycles of [96°C for 10 sec; 45°C for 5 sec; 60°C for 4 min] 
kept at 4 � C 
Sequencing purification 
Chemicals and reagents 
• 3M sodium acetate: 3M sodium acetate in extra pure water, pH 4.6 
• TSR (template suppression reagent) (ABI Prism) 
• Hi-Di form amide (ABI Prism) 
Procedure 
After cycle sequencing, the excess dye terminator was removed by sequencing 
purification. The entire product from cycle sequencing reaction was mixed with 1 |il 
sodium acetate and 25 |LI1 95% ethanol. The mixture was vortexed and incubated at 
-20°C for 10 min. The precipitated DNA was obtained by centrifugation at 14000 g 
for 30 min. The supernatant was discarded and the pellet was washed in 125 [i\ 70% 
ethanol. After centrifugation at 14000 g for 5 min, the supernatant was discarded 
again. The DNA precipitate was dried under vacuum for 2-3 min and resuspended 
again in either 12 ]i\ TSR or 12 |LI1 Hi-Di formamide depended on the genetic analyzer 
used (TSR for ABI Prism Genetic Analyzer 310 or Hi-Di formamide for ABI Prism 
Genetic Analyzer 3100). The DNA mixture was incubated for 5 min at room 
temperature and then denatured at 95°C for 2 min. The mixture was immediately 
chilled in ice and the fragments were analyzed using the genetic analyzer. 
DNA Sequencing 
The purified DNA was sequenced using genetic analyzer (ABI Prism 310 or ABI 
Prism 3100) according to manufacturer's protocol. The sequencing buffer used was 
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Ix EDTA buffer (ABI Prism). The sequencing data were retrieved by data collection 
software (ABI Prism) and analyzed by sequencing analysis software (ABI Prism) to 
obtain the processed sequence information. After edited by sequencing editor 
analysis software (SeqEd version 1.0.3), each sequence was automatically compared 
with the NCBI protein database using the BLASTX algorithm. EST sequence search 
was not included in present BLAST searching. Some genes with high homology 
with known sequences were selected for further verification by Northern analysis. 
Probes for Northern hybridization were prepared by PCR of the genes of interest 
using Miniprep product or previously amplified PCR product as template (sections 
3.2.7 & 3.2.10). 
3.2.16 RNA formaldehyde denaturing gel electrophoresis 
Chemicals and reagents 
• 100% deionized formamide (Sigma) 
• 37% formaldehyde (Sigma) 
• lOxMOPS (3-[N-Morpholino]propanesulfonate): 
200 mM MOPS, 50 mM sodium acetate, 10 mM EDTA in DEPC-treated water, 
pH 7.0; 0.22 |im filtered 
• 6x RNA loading buffer: 
1 mM EDTA, 0.25% (v/v) bromophenol blue and 0.25% (v/v) xylene cyanol in 
DEPC-treated water 
“ RNA molecular weight marker (0.3-6.9 kb) (Roche) 
• DEPC-treated water: 
0.1% DEPC (diethyl pyrocarbonate, Sigma) treated extra pure water 
• 1 % RNA denaturing gel: 
1% (w/v) agarose, Ix MOPS and 1% (v/v) formaldehyde in DEPC-treated water; 
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agarose in DEPC-treated water was dissolved by microwave first, MOPS and 
formaldehyde were then added after the gel mixture was cooled down to about 
60°C 
• RNA denaturing buffer: 
Ix MOPS, 50% (v/v) deionized formamide, 8% (v/v) formaldehyde, 1 )LI1 of 6x 
RNA loading buffer and 1 |LI1 of 1 mg/ml ethidium bromide in DEPC-treated 
water 
• Running buffer: Ix MOPS in DEPC-treated water 
Procedure 
Gel setting 
The gel tank and gel setting apparatus were treated with 3% (v/v) H2O2 for at 
least 30 min and then rinsed with DEPC-treated water. 1% RNA formaldehyde gel 
was prepared as described above. 
Sample treatment 
For further verification study by Northern hybridization, RNA from ovary of 
Metapenaeus ensis at each of the five maturation stages was utilized. Each stage 
contained three to five individuals. 5-25 昭 of pooled RNA or molecular weight 
marker was first mixed with denaturing buffer. The amount of RNA at each stage 
was adjusted to be the same to act as loading control. The sample mixture was then 
incubated at 55°C for 20 min and chilled on ice. Molecular weight marker was 
incubated at 65°C for 10 min. RNA electrophoresis was performed at 60 V for 1.5-2 
hours or until bromophenol blue reached to 3/4 portion of the gel. The separated 
RNA was visualized under UV illumination. Based on ethidium bromide staining, 
equality of the amount of RNA in the samples loaded was checked. The RNA was 
then transferred to nylon membrane for hybridization. 
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3.2.17 Northern blot 
Chemicals and reagents 
• 1 Ox SSC (sodium citrate sodium chloride buffer): 
1.5 M NaCl, 0.15 M sodium citrate in DEPC-treated water, pH 7.0 
Procedure 
Glassware for Northern blot was first treated to decontaminate RNase by either 
200�C overnight baking or sprayed with RNase decontamination solution (RNase ZAP, 
Ambion). The RNA denaturing gel was first rinsed with lOx SSC for 10 min with 
shaking. Filter papers (3MM, Whatman) and membrane (Hybond-N+，Amersham 
Pharmacia) were also pre-wetted with lOx SSC. Northern blot was performed as 
shown in Fig. 3.3. 
3.2.18 Northern hybridization 
Chemicals and reagents 
• 20x SSC (sodium citrate sodium chloride buffer): 
3 M NaCl, 0.3 M sodium citrate in DEPC-treated water, pH 7.0 
• 100% deionized form amide (Sigma) 
• lOx blocking solution: 
10% (w/v) blocking reagent (Roche) in buffer 1; Ix blocking solution was 
prepared by diluting stock solution 1: 10 in buffer 1 during detection procedure 
• 10% N-lauroylsarcosine: 
10% (w/v) N-lauroylsarcosine in DEPC-treated water 
• 1 M sodium phosphate 
1 M sodium phosphate in DEPC-treated water 
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Fig. 3.3. Schematic diagram for setting of Northern blot. 
Generally, glass tank with supporting mass was first filled with lOx SSC. Two 
large filter papers (15 X 26 cm) were placed across the mass to act as salt bridge. 
Gel was placed at the center of salt bridge in an upside down manner. A membrane 
(6.5 X 10 cm) with orientation mark was then exactly covered on the gel. Any 
trapped air bubbles were eliminated. The gel was then covered by a sheet of cling 
wrap with the central part cut off, leaving four edges attached. Four wet filter papers 
(6.5 X 10 cm) were placed, one by one, on top of membrane. Facial papers were 
then placed on top to a height of 8-10 cm. A weight was applied in a balanced 
manner. Blotting was performed for at least 20 hours at room temperature. After 
disassembling of setting, the membrane was UV-crosslinked (XL-1000 UV 
crosslinker, Spectrolinker) at 300 mJ and rinsed briefly with DEPC-treated water. If 
hybridization was not carried out immediately, the membrane was air-dried and stored 
at room temperature. 
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• DEPC-treated water: 
0.1% DEPC (diethyl pyrocarbonate, Sigma) treated extra pure water 
• Buffer 1 (maleic acid buffer): 
0.1 M maleic acid and 0.15 M NaCl in DEPC-treated water; adjusted to pH 7.5 
with solid NaOH 
• 10% SDS (sodium dodecyl sulfate): 
10% (w/v) SDS in DEPC-treated water; heating to 60°C to assist dissolution 
• Washing buffer: 
0.3% (v/v) Tween-20 in buffer 1 
• 0.5xSSC with 0.1% SDS: 
2.5% (v/v) of 20x SSC, 1% (v/v) of 10% SDS in DEPC-treated water 
• 2xSSC with 0.1% SDS: 
10% (v/v) of 20x SSC, 1% (v/v) of 10% SDS in DEPC-treated water 
_ Detection buffer: 
100 mM Tris-HCl and 100 mM NaCl in DEPC-treated water, pH 9.5 
• Hybridization solution: 
50% (v/v) deionized formamide, 5x SSC, 2x blocking solution, 50 mM 
sodium phosphate, 0.1% (w/v) N-lauroylsarcosine and 7% (w/v) SDS 
• Stripping solution: 
50% (v/v) deionized formamide, 5% (w/v) SDS and 50 mM Tris-HCl (pH 7.5) 
• Blocking reagent, anti-DIG-AP conjugate and CSPD were provided by DIG 
Luminescent Detection Kit (Roche) 
Procedure 
Pre-hybridization 
The procedures were modified from the protocols of DIG Application Manual 
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for Filter Hybridization (Roche). Glassware for Northern blot was first treated to 
remove RNase by either baking at 200�C overnight or spraying with RNase 
decontamination solution (RNase ZAP, Ambion). The membrane was sealed in 
hybridization bag (RNase ZAP decontaminated) and pre-hybridized with 7.5 ml 
hybridization solution at 42°C for 2 hours in water bath. 
Hybridization 
For hybridization, the probe prepared from PCR product of the gene of interest 
was denatured at 96°C for 5 min and chilled in ice immediately. Probe was then 
mixed with 7.5 ml prewarmed hybridization solution. Probe concentration in 
hybridization solution was set as 10-25 ng/ml. The concentration of probe and the 
labeling efficiency were previously determined as described in section 3.2.8. The 
membrane was transferred into another hybridization bag with 7.5 ml 
probe-hybridization solution mixture. Hybridization was performed at 42°C for 
16-20 hours in water bath. 
Washing and chemiluminescent detection 
Several stringency washes were carried out after hybridization to remove the 
non-specific binding on membrane. The membrane was washed twice with 2x SSC 
with 0.1% SDS for 15 min at room temperature. Two high stringency washes with 
0.5x SSC with 0.1% SDS followed at 68°C each for 15 min. After washing with 
washing buffer for 2 min at room temperature, the membrane was blocked with 2x 
blocking buffer for 2 hours at room temperature. 1:10,000 anti-DIG-AP conjugate in 
2x blocking solution was then incubated for 30 min at room temperature. The 
unbound antibodies were washed away twice with washing buffer for 15 min at room 
temperature. The membrane was equilibrated with detection buffer for 2 min at 
room temperature. CSPD substrate solution (10 |LL1 CSPD in 1 ml detection buffer) 
was uniformly applied onto the membrane sealed in hybridization bag. Wrinkle was 
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avoided between membrane and hybridization bag. The membrane was allowed to 
set for 5 min at room temperature. The luminescent reaction was enhanced by 
incubating the membrane at 37°C for 10 min. The luminescent signal was detected 
by Lumi-Imager (Roche) of exposure time 5-20 min and/or by film development 
(Kodak BioMax light film). 
Probe stripping for re-hybridization 
The membrane was first rinsed thoroughly with DEPC-treated water. The 
hybridized probe was stripped away by incubating the membrane twice with 10 ml 
stripping solution at 80°C for 60 min. The membrane was then rinsed with 2x SSC 
for 5 min and sealed in hybridization bag with 2x SSC to prevent desiccation. The 
membrane was stripped as soon as possible once the chemiluminescent reaction was 
completed. 
3.2.19 5' RACE (rapid amplification ofcDNA ends) 
One of the differentially expressed genes was identified to be the gene encoding 
for heat shock cognate 70 (hsc70). This is a well-known protein but its cDNA 
sequence has not been reported in any decapod crustaceans. By comparing the 
sequence of hsc70 of Metapenaeus ensis (Men-hsc70) determined in present study 
with that reported in other related species such as the fruit fly, Drosophila 
melanogaster (Dme-hsc70) and the brine shrimp, Artemia franciscana (Afr-hsp70), it 
is likely that the sequence of Men-hsc70at 5' end was missing. Hence, the full 
length sequence of Men-hsc70 was determined by amplification of sequence at the 5' 
end ofmRNA of M ensis. The 573' RACE kit (Roche) was utilized. 
Chemicals and reagents 
• All materials were provided by 573' RACE kit (Roche) 
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• Primers (Genset): 
SPla (12.5 _ - 5'AGT CAT CAC ACC GCC AGC AGT CTC G 3’ 
SP1 b (12.5 _ - 5, GAT GGA AGT GTA GAA GTC A AT GCC T 3 ’ 
SP2b (12.5 _ - 5, GGC GCT GGGAGT CGTTGAAGT AGG C 3' 
SP3a (12.5 _ - 5，TAG GCC TCA GCA GTT TCC TTC ATC T 3' 
• Oligo d(T)-anchor primer (from kit, Roche) (12.5 |LIM)— 
5' GACCACGCGTATCGATGTCGACTTTTTTTTTTTTTTTTN 3’ 
(N=A, C o r G) 
• PCR anchor primer (from kit, Roche) (12.5 |iM)— 
5' GACCACGCGTATCGATGYCGAC 3' 
Procedure 
The procedure of 5'RACE in the present study is summarized in Fig. 3.4. 
cDNA synthesis 
1 |Lig of ovarian RNA of M. ensis was mixed 4 |il of cDNA synthesis buffer, 2 )iil 
of deoxynucleotide mixture, 1 |LL1 C D N A synthesis primer (SPLA), 1 jul A M V reverse 
transcriptase and extra pure water to a final volume of 20 pel. The mixture was 
incubated at 55°C for 60 min followed by 65°C for 10 min. 
Purification of cDNA 
After cDNA synthesis, the reverse transcribed cDNA was purified by High Pure 
PCR Product Purification Kit (Roche) according to manufacturer's protocol. 
Tailing reaction of cDNA 
After purification, dATP was added to 3' end of purified cDNA (5，end of mRNA) 
by tailing reaction. 19 |LI1 of purified cDNA was mixed with 2.5 |iil of reaction buffer 
and 2.5 |li1 dATP. The mixture was incubated at 94°C for 3 min and chilled on ice for 
5 min. 1 |il terminate transferase was then added and the mixture was incubated at 
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37°C for 20-30 min followed by 70°C for 10 min to inactivate the transferase. The 
tailed cDNA was used as template for PCR amplification. 
PCR amplification ofdA-tailed cDNA 
5 |Lil dA-tailed cDNA was mixed with 1 )LI1 oligo-dT anchor primer, 1 |LI1 specific 
primer SPlb, 1 |LI1 deoxynucleotide mixture, 5 [i\ reaction buffer, 0.5 ]x\ Tag 
polymerase and extra pure water to a final volume of 50 jiil. PCR amplification was 
performed according to the thermal cycle below: 
94°C for 2 min 
33 cycles of [94°C for 20 sec; 60°C for 20 sec; 72°C for 40 sec] 
72°C for 5 min 
kept at 15°C 
Second PCR amplification 
The PCR product was re-amplified again by a second PCR reaction. 1 |LI1 of 
PCR product was mixed with 1 |LI1 PCR anchor primer, 1 |LI1 specific primer SP2b or 
SP3a, 1 |Lil deoxynucleotide mixture, 5 )il reaction buffer, 0.5 |LI1 Tag polymerase and 
extra pure water to a final volume of 50 jul PCR amplification was performed 
according to the thermal cycle as above. The product was analyzed by 1.5% agarose 
gel electrophoresis. 
Extraction of DNA from agarose gel 
After 5' RACE, the products were separated in 1.5% agarose gel. Since some 
sub-bands appeared together with the main amplified band in the gel, DNA fragment 
was extracted from agarose gel (Gel Extraction Kit, Qiagen) and purified for 
sequencing. The suspected DNA fragment was excised form agarose gel with 
scalpel and the gel slice was weighed. Purification of DNA fragment was then 
performed according to manufacturer's protocol. The purified DNA was used for 
DNA sequencing using SP3a as primer for cycle sequencing. The procedure of cycle 
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sequencing is given in section 3.2.15 but the thermal cycle was modified as follows: 
96°C for 1 min 
25 cycles of [96°C for 30 sec; 50°C for 15 sec; 60'C for 4 min] 
kept at 4°C 
3.3 Results 
3.3.1 Experimental animals 
29 M. ensis females with average body length, carapace length and body weight 
of 13.3 cm, 3.9 cm and 33.5 g respectively were examined in this study. The 
morphometric data at different stages of maturation is summarized in Table 3.1. 
3.3.2 Total RNA extraction 
The total RNA from ovarian tissue of each female M. ensis was extracted. The 
260nm/280nm absorbance ratio of all RNA samples was above 1.65 indicating 
satisfactory RNA purity. The integrity of RNA was shown by formaldehyde 
denaturing gel electrophoresis (Fig. 3.5). 
3.3.3 RNA arbitrarily primed PGR (RAP-PCR) 
Before RAP-PCR using RNA from different maturation stages, priming 
performance of the arbitrarily chosen primers were assessed. Three 18-nucleotide 
long arbitrarily chosen primers (CK671, CK70u and CK881) were tested for RAP-PCR. 
Their sequences are as follows: 
CK671: 5'AAG CGC CTATTC CTGACA3' 
CK70u: 5'AGG GTG TCG GGA GTA TGC 3’ 
CK881: 5'ATATGC GAC GAATGTAAT3， 
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Table 3.1 Body length (BL), carapace length (CL), body weight (BW), ovary weight 
(OW), gonado-somatic index (GSI) of Metapenaeus ensis females at different stages 
of ovarian maturation 
Stages of ovarian maturation 
I II III IV V 
BL (cm) 12.2±0.6 12.9±1.0 13.7±1.3 13.8±1.1 14.1±0.4 
CL (cm) 3.5±0.2 3.8±0.2 4.0±0.5 4.0±0.4 4.3±0.1 
BW(g) 23.70±3.32 29.26±4.03 36.30士 11.07 37.04±8.60 41.12±2.61 
OW (g) 0.27士0.20 0.81 士0.16 1.62土0.68 2.79士0.88 3.93士0.34 
GSI (%) 1.07±0.69 2.74士0.24 4.36士0.91 7.41±0.81 9.56±0.38 
No. of shrimp 6 4 6 8 5 
Values are expressed as mean 士 SD 
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Fig. 3.5. Total RNA from ovary of female Metapenaeus ensis. Total ovarian RNA 
of M. ensis was extracted as described in section 3.3.3 and separated (1 fig) in a 1% 
formaldehyde denaturing gel. M: RNA molecular marker (0.3-0.9 kb). 
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For primer testing, only two maturation stages were utilized as RNA templates in 
RAP-PCR. The primer which produced sufficient number of bands in RAP-PCR 
product and similar banding pattern between two stages was selected. As revealed in 
Fig. 3.6, the RAP product using CK70u as primer showed a significant number of 
bands with a broad size range of 300 to 1200 bp. Thus, CK70u was selected as the 
primer used for the reaction of RAP-PCR. The RAP-PCR product from three 
maturation stages (stages I, III and V), was purified and analyzed in a polyacrylamide 
gel (GeneGel Excel) (Fig. 3.7). Some bands were stronger at a particular stage than 
at other stages indicating differential expression of gene fragments at different 
maturation stages. After concentration quantification, the RAP-PCR product was 
used for DIG-probe preparation and dot-blot hybridization. 
3.3.4 Titer of cDNA library from Metapenaeus ensis ovary 
The titer of cDNA library of Metapenaeus ensis was determined before mass 
g 
excision and found to be about 10 pfu/ml. On the other hand, the titer of helper 
1， 
phage was about 10 pfu/ml after titering. After mass excision, the excised library 
was plated on LB-kanamycin agar plate and then transferred to another agar plate 
with number indication (master plate). 500 clones in the library were randomly 
transferred to the master plate and used for PGR screening. 
3.3.5 PCR screening of insertion sequence 
The insertion sequence of plasmid was amplified by PCR screening. In the 
present study, 500 insertion sequences were amplified from the library. The size of 
insertion sequence ranged from 400 to 1600 bp. The amplified PCR product was 
analyzed in 1% agarose gel (Fig. 3.8). 
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Fig. 3.6. 2% agarose gel showing the product of RAP-PCR using CK671, CK70u or 
CK881 as primer. Only stage III and stage V of maturation were used for RAP-PCR. 
As shown in the gel, the RAP product using CK70u as primer gave numerous bands 
that appeared as a smear. The primer CK70u was then chosen for a new round of 
RAP-PCR. M: DNA 100 bp molecular ladder. 
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Fig. 3.7. Product of RAP-PCR from Metapenaeus ensis at maturation stages I, III 
and Y The product was separated in a 12.5% polyacrylamide gel (GeneGel Excel) 
and stained by silver impregnation (PlusOne DNA Silver Staining). The procedure 
of RAP-PCR is given in section 3.3.4. Arbitrarily chosen primer CK70u (5' AGG 
GTG TCG GGA GTA TGC 3，）was used. Some of the bands are strong at particular 
stage as indicated by arrows, revealing the differential gene expression at different 
maturation stages. M: DNA 100 bp molecular ladder. 
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Fig. 3.8. PCR screening of insertion sequence of cDNA library from ovary of 
Metapenaeus ensis. As revealed in this 1% agarose gel, the average insertion size is 
about 880 bp. The procedure for PCR screening is given in section 3.2.10. M: 
DNA 100 bp molecular marker. 
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3.3.6 Dot-blot hybridization 
500 clones in the library were screened by dot-blot hybridization using 
RAP-PCR products from the three maturation stages as probes. The result was 
revealed by chemiluminescence (Fig. 3.9). 73 of the 500 clones (about 14%) 
showed differential signal intensities among the stages. 
3.3.7 DNA sequencing of differentially expressed genes 
The suspected differentially expressed genes revealed in dot-blot hybridization 
were identified in master plates and grown for plasmid preparation (Fig. 3.10). The 
purified plasmid was used directly for cycle sequencing reaction for determination of 
DNA sequence. The sequences retrieved were searched for homology with the 
reported sequences in GenBank database (BLASTX at NCBI). Generally, the degree 
of homology is based on the Expect value (E-value) calculated. The E-value is a 
parameter that describes the number of hits by chance of the sequence in matching 
with other sequences in GenBank. Hence, a smaller E-value reveals a higher 
homology of sequences in comparison. The sequences after BLASTX search were 
classified into four categories (Table 3.2) based on their E-values. Among the 73 
genes that were suspected to be differentially expressed, 35 (about 48%) can be 
matched with the reported sequences in GenBank database. The summary of 
BLASTX result of these 35 genes is given in Table 3.3. Some clones identified 
seemed to represent an identical gene but with different expression pattern (eg. clones 
A6, B31, D26, G43, G7). This will be discussed in detail in section 3.4.1. 
3.3.8 Northern analysis 
Eight genes were selected for further verification of the expression pattern by 
Northern analysis. They were translationally controlled tumor protein (TCTP), heat 
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Fig. 3.9 a & b. Dot-blot hybridization. 500 clones from ovary cDNA library of 
Metapenaeus ensis were screened with RAP-PCR products from three maturation 
stages (I, III and V), The procedure of dot-blot hybridization is given in section 
3.3.12. The hybridization result was detected by chemiluminescence and results 
from 200 of the clones are shown here. The clones suspected to be differentially 
expressed are indicated by red squares. Black squares indicate the negative control 
in which water was dotted on the membrane. 
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Fig. 3.10. Purified plasmid from XLOLR cell. The purified plasmid was used 
directly for cycle sequencing reaction for DNA sequence determination (section 
3.2.13). M: DNA 100 bp molecular ladder. 
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Table 3.2. Result of BLASTX of differentially expressed genes revealed in dot-blot 
hybridization. 
No. of sequence 
Highly matched sequence (E < 10"^°) 23 
Intermediately matched sequence < E < 10'^) 6 
o 
Poorly matched sequence (10" < E < 0.1) 6 
Unknown sequence (E > 0.1) 38 
Total 73 
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Table 3.3. Summary ofBLASTX result of differentially expressed genes revealed in 
dot-blot hybridization. 
Clone Identification in GenBank Source E-value GI no. Expression 
no. pattern* 
Highly matched sequence (E < 10"^ ®) 
A6 Nuclease diphosphate kinase Zebra fish, 1 X 7339840 - - + 
B Danio rerio 
B31 Nuclease diphosphate kinase Zebra fish, 9 X 10" '^ 7339840 - + + 
B Danio rerio 
D26 Nucleoside diphosphate Zebra fish, 1 X 6 6 4 4 1 1 1 - + -
kinase Z1 Danio rerio 
G43 Nucleoside diphosphate kinase Zebra fish, 6 X 10'" 6644111 + - + 
Z1 Danio rerio 
G7 Nucleoside diphosphate kinase Zebra fish, 3X10—54 6644111 + - -
Z1 Danio rerio 
G38 Translationally controlled Fruit fly, Drosophila 3 X10"^® 9979174 + - -
tumor protein (TCTP) melanogaster 
C39 Translationally controlled Fruit fly, Drosophila 6 X 9979174 - - + 
tumor protein (TCTP) melanogaster 
C21 Elongation factor 1 a Fungi, Schizophyllum 6 X 10"^ ® 6015061 + - -
commune 
C3 Heat shock cognate 70 kD Rainbow trout, 1XIQ-^"^ 232285 + + -
protein Oncorhynchus mykiss 
E4 HMGl-like protein Fruit fly, Drosophila 2 XIQ-^^ 1079088 + + -
melanogaster 
A24 GIyceraldehyde-3-phosphate Lobster, 2 X 6 5 9 9 6 - - + 
dehydrogenase (GAPDH) Homarus americanus 
B16 Arginine kinase Shrimp, 2 X lO"^ ^ 1708615 + - -
Penaeus japonicus 
A12 Prophenoloxidase activating Yellow mealworm, Tenebrio 2 X 1 0 . 2 � 10697178 - - + 
factor molitor 
B6 Ribosomal protein ubiquitin Fruit fly, Drosophila 8X10—64 17136570 + + -
melanogaster 
E38 Ribosomal protein 60S L23 Human, Homo sapiens 1 X 10'^ ® 4506605 - - + 
A9 Ribosomal protein 60S L23 Human, Homo sapiens 4 X 4506605 - - + 
1 0 3 
Chapter 3 - Identification of genes differentially expressed during ovarian maturation 
Table 3.3 continued. 
G42 Ribosomal protein 60S L35 Channel catfish, Ictalurus 3 X 15293537 + - + 
punctatus 
G37 Ribosomal protein 60S LI5 Crayfish, 1 X 10" '^ 6831612 + + -
Orconectes limosus 
H25 Ribosomal protein 60S LI 2 Hydra, Hydra vularis 9 X 7635738 + - -
H28 Ribosomal protein 60S LI0 Fruit fly, Drosophila 2 X 6093992 - + -
melanogaster 
F45 Ribosomal protein 60S LI 1 Nematode, Caenorhabditis 4 X 2500240 - - + 
elegans 
A l l Ribosomal protein 60S L21 Human, Homo sapiens 1 X 10—48 4150932 - - + 
G28 Ribosomal protein 40S S13 Human, Homo sapiens 2 X 4506685 + + -
Clone Identification in GenBank Source E-value GI no. Expression 
no. pattern* 
Intermediately matched sequence (10"^ ® < E < 10"^ ) 
17 
B26 Cytoskeletal actin Brine shrimp, Artemia spp 6 X10" 113215 - + -
C26 Ribosomal protein 60S L3 Fruit fly, Drosophila 1 X 10"'° 3122718 - - + 
melanogaster 
A42 Ribosomal protein 60S L38 Human, Homo sapiens 2 X 10''° 4506645 - - + 
E37 Ribosomal protein 60S PI Brine shrimp, Artemia 3 X 10''^ 133047 - - + 
salina 
H34 Ribosomal protein 60S L21 Mouse, Mus musculus 5 X 10''^ 9789993 + + -
H41 Hypothetical protein SPAC Yeast, Schizosacchawmyces 1 X 10"'° 7490842 + - -
prombe 
Clone Identification in GenBank Source E-value GI no. Expression 
no. pattern* 
Poorly matched sequence (10"^  < E < 0.1) 
B46 Keratin** Mouse, Mus musculus 7 X10"^ Q9JKB4 - + + 
B5 Translationally controlled Fruit fly, Drosophila 2 X 10'^  9979174 - + + 
tumor protein (TCTP) melanogaster 
D30 Voltage-dependent anion Pig, Sus scrofa 5 X 10'^  8745554 + - + 
channel 2 
C34 ATP synthase lipid-binding Tobacco hornworm, 0.058 12585194 + + -
protein Manduca sexta 
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Table 3.3 continued. 
A45 Hypothetical protein CG5532 Fruit fly, Drosophila 4 X 10"^  9910974 - + -
melanogaster 
C36 Ribosomal protein 40S S2 Fruit fly, Drosophila 2 X 10"^  2119067 + - -
melanogaster 
The genes highlighted in bold were selected for further verification by Northern blot 
analysis. 
* Expression pattern is the signal intensity revealed in dot-blot hybridization in order 
of stage I, stage III and stage V, respectively. The sign represents a low intensity 
while the sign ‘+’ represents a high intensity. 
** The sequence homology of keratin was searched by program WU-blastx from 
swall database. 
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shock cognate 70 kD protein (hsc70), nucleoside diphosphate kinase, high mobility 
group 1-like protein (HMGl-like protein), glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH), arginine kinase, actin and keratin (Table 3.3). 
For Northern analysis of these eight genes, 5-25 股 of total RNA from ovary of 
Metapenaeus ensis at stage I to stage V was separated in 1% formaldehyde denaturing 
gel and transferred to nylon membrane for hybridization. The probe for 
hybridization was prepared by PCR from plasmid product or previous PCR product of 
differentially expressed genes (Fig. 3.11). 
3.3.8.1 Housekeeping gene - elongation factor l a 
Apart from ethidium bromide fluorescence of rRNA, a housekeeping gene was 
used for evaluating and normalizing the amount of RNA loaded in Northern blot 
analysis. One of the clones (C21) shown to have a differentially expressed pattern as 
revealed in dot-blot hybridization, was found to be a housekeeping gene after 
confirming by Northern analysis. The differentially expressed pattern revealed in 
dot-blot hybridization was believed to be a false positive which will be discussed in 
section 3.4.1. As revealed in 1% agarose gel, the size of cDNA elongation factor 1 
a in Metapenaeus ensis is approximately 1.2 kb (Fig. 3.11). In Northern 
hybridization, the signal for elongation factor 1 a was the same at all stages 
indicating that the mRNA expression of elongation factor 1 a remained the same 
during ovarian maturation (Fig. 3.12). 
3.3.8.2 Translationally controlled tumor protein (TCTP) 
The size of TCTP cDNA is approximately 720 bp (Fig. 3.11). 5 jug RNA from 
ovary of Metapenaeus ensis at stages I to V on membrane was hybridized with TCTP 
probe. Like the result in dot-blot hybridization, the expression for TCTP revealed in 
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Fig. 3.11. Differentially expressed genes and housekeeping genes during ovarian 
maturation of M. ensis. After P C R amplification, the products were purified and 
DIG-labeled for Northern hybridization. 1: cytoskeletal actin; 2: keratin; 3: 
nucleoside diphosphate kinase; 4: translationally controlled tumor protein (TCTP); 5: 
heat shock cognate 70 kD protein (hsc70); 6: high mobility group 1-like protein 
(HMGl-like protein); 7: arginine kinase; 8: glyceraldehyde-3 -phosphate 
dehydrogenase (GAPDH) and 9: elongation factor 1-alpha (housekeeping gene). M : 
D N A 100 bp molecular ladder. 
107 
Chapter 3 - Identification of genes differentially expressed during ovarian maturation 
I n III IV V 
j ^ B H H M r a B H P ^ ^ n ^ f l M a. loading control 
I “ ‘ (film development) 
mm. _ 
i l ？ “： (film development) 
Fig 3.12. Constitutive expression of the housekeeping gene elongation factor la 
revealed in Northern hybridization. 25 [ig of R N A from Metapenaeus ensis ovary at 
stages I to V was loaded into 1 % formaldehyde denaturing gel (a), transferred to 
nylon membrane and hybridized with the DIG-labeled probe of elongation factor 
1-alpha (section 3.2.17 & 3.2.18 for procedure). The hybridization signal was 
detected by film development for 45 sec (b) and 2 min (c). The R N A expression for 
elongation factor la is the same at all maturation stages. 
108 
Chapter 3 - Identification of genes differentially expressed during ovarian maturation 
Northern hybridization was highest at stage I, decreased dramatically at stage II and 
was kept at consistently low level at the following stages (Fig. 3.13). With reference 
to table 3.3, two T C T P fragments (G38 and C39) were identified and fragment G38 
was selected for Northern analysis. Fragment C39 which showed an opposite 
expression pattern on the dot-blot, was assumed to be a false positive that will be 
discussed in 3.4.1. 
3.3.8.3 Cytoskeletal actin 
Different from the result of dot-blot hybridization in which the expression was 
the high at intermediate stage of maturation, high expression level of cytoskeletal 
actin was observed at stages I and II in Northern analysis. The signal intensity 
gradually decreased from stage III to stage V (Fig. 3.14). The size of c D N A of 
cytoskeletal actin is approximately 1230 bp (Fig. 3.11). 
3.3.8.4 Keratin 
Similar to the result of dot-blot hybridization, the result of Northern 
hybridization showed significant expression of keratin in the ovary of M. ensis during 
maturation with the highest expression level at stages III to IV (Fig. 3.15). The size 
of c D N A of keratin is approximately 730 bp (Fig. 3.11). 
3.3.8.5 Heat shock cognate 70 kD protein (hsc70) 
Similar to the result of dot-blot hybridization, the expression of hsc70 is the 
highest at immature stage (stage I) of Metapenaeus ensis (Fig. 3.16). The expression 
of hsc70 dramatically dropped after stage I but still maintained at a rather significant 
level from stages II to V. The size for hsc70 c D N A is estimated as 1954 bp (Fig. 
3.11). 
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Fig. 3.13. Differential expression of translationally controlled tumor protein (TCTP) 
revealed in Northern hybridization. 5 jitg of R N A from Metapenaeus ensis ovary at 
stages I to V was loaded into 1 % formaldehyde denaturing gel (a), transferred to 
nylon membrane and hybridized with DIG-labeled probe of T C T P gene. The 
hybridization signal was detected by chemiluminiscent detection for 15 min (b) and 
film development for 20 min (c). 
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Fig. 3.14. Differential expression of cytoskeletal actin revealed in Northern 
hybridization. 25 |xg of R N A from Metapenaeus ensis ovary at stages I to V was 
loaded into 1 % formaldehyde denaturing gel (a), transferred to nylon membrane and 
hybridized with DIG-labeled probe of actin gene. The hybridization signal was 
detected by film development for 20 min (b). 
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Fig. 3.15. Differential expression of keratin revealed in Northern hybridization. 25 
jxg of R N A from Metapenaeus ensis ovary at stages I to V was loaded into 1 % 
formaldehyde denaturing gel (a), transferred to nylon membrane and hybridized with 
DIG-labeled probe of keratin gene. The hybridization signal was detected by film 
development for 40 min (b). 
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Fig. 3.16. Differential expression of heat shock cognate 70 k D protein (hsc70) 
revealed in Northern hybridization. 25 ^g of R N A from Metapenaeus ensis ovary at 
stages I to V was loaded into 1 % formaldehyde denaturing gel (a), transferred to 
nylon membrane and hybridized with the DIG-labeled probe of gene encoding hsc70. 
The hybridization signal was detected by film development for 20 min (b). 
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The sequence for hsc70 much resembles to that of heat shock protein 70 (hsp70) 
which is a heat or stress inducible protein. Thus, there is a possibility that the gene 
in analysis may be hsp70 and the differential display pattern may be due to the 
introduction of stress to animals during sample handling. In order to exclude this 
possibility, individual females at different stages from the same batch were analyzed. 
The result showed that R N A from all individuals at stage I hybridized with probe 
hsc70 but not in individuals at other stages (Fig. 3.17). This result confirmed that 
the gene in analysis is hsc70 and differentially expressed during maturation of M 
ensis. 
Hsc70 is extensively investigated in many animals but its complete c D N A 
sequence has not been reported in decapod crustaceans. Hence, the full length 
c D N A sequence of hsc70 was determined in the present study. The c D N A sequence 
of hsc70 determined from the library has a size of 1742 bp and the deduced amino 
acid sequence shares 72% identity to hsc70 of the fruit fly, Drosophila melanogaster 
and 82% to hsp70 of the brine shrimp, Arte mi a franciscana. However, the size of 
hsc70 in these two related species is 1956 bp and 1941 bp respectively. By 
comparing the c D N A sequence of hsc70 in M. ensis to these two species, it seems that 
the 5' end of c D N A sequence in M. ensis is missing. Hence, the missing end of 
hsc70 in M. ensis (about 199-214 bp fragment) was determined by 5' R A C E (section 
3.2.19). In the result, additional 205 bp at the 5' end of c D N A of hsc70 was 
amplified and sequenced (Fig. 3.18). Totally 1947 bp of hsc70 open reading frame 
c D N A of M. ensis encoding for 649 amino acid residues was sequenced. The 
deduced amino acid sequence exhibits an identity of 79% with hsc70 of the fruit fly, 
Drosophila melanogaster and 82% with hsp70 of the brine shrimp, Artemia 
franciscana. After searching for homology in Genbank database by B L A S T X 
program, the clone identified in present study showed a high sequence identity to 
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Fig. 3.17. Northern hybridization for heat shock cognate 70 k D protein (hsc70) of 
individual females. 25 ^g of individual R N A from Metapenaeus ensis ovary at stage 
I (four animals, from II to 14) and stages II to IV (one animal for each stage) was 
loaded into 1 % formaldehyde denaturing gel (a), transferred to nylon membrane and 
hybridized with DIG-labeled probe of gene encoding hsc70. The hybridization 
signal was detected by film development for 13 min (b). The result showed that 
R N A from the four individuals at stage I hybridized with probe hsc70 but not in 
individuals at other stages. The weak signal in 12 was due to partial degradation of 
m R N A as a dark smear appeared below the band of hsc70. 
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Fig. 3.18. The missing 5' end of hsc70 c D N A of Metapenaeus ensis. 5' R A C E was 
preformed to amplify the 5' end of hsc70 c D N A of Metapenaeus ensis (section 
3.3.19). The missing 5' end was amplified by P C R using primer SPlb followed by 
SP2b or SP3a generating P C R product of size 592 bp and 527 bp respectively. 
These two D N A fragments were extracted and purified by gel extraction and used for 
sequencing. After subtracting the overlapping known sequence, additional 205 bp at 
the 5' end of c D N A of hsc70 was sequenced. 
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hsc70 of many organisms. The present sequence showed a higher similarity to the 
hsc70 of Drosophila melanogaster (79%) than the hsp70 of D. melanogaster (71%). 
The identity to hsc70 was much higher than that to hsp70. It is convincing to 
conclude that the clone identified in present study was hsc70. Hsc70 sequence has 
not been reported for Artemia franciscana. It is suspected that the reported sequence 
of Artemia franciscana hsp70 is actually hsc70 rather than hsp70. The complete 
c D N A open reading frame of M. ensis hsc70 is given in Fig. 3.19 while the alignment 
of deduced amino acid sequence of hsc70 in M. ensis to those of D. melanogaster and 
A. franciscana is given in Fig. 3.20. 
3.3.8.6 Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 
Different from the result of dot-blot hybridization in which the expression was 
the high at late maturation stage, the expression pattern of G A P D H revealed in 
Northern analysis was the highest at stage I (Fig. 3.21). The expression level then 
declined from stage II to stage V. The size of c D N A of G A P D H is approximately 
680 bp (Fig. 3.11). 
3.3.8.7 Arginine kinase 
As revealed in Northern hybridization, high expression level of arginine kinase 
was observed at early maturation stages (stages I and II). The expression declined at 
stage III but was elevated again at stage IV. The expression of arginine kinase then 
decreased again at stage V (Fig. 3.22). The size of c D N A of arginine kinase is 
approximately 1200 bp (Fig. 3.11). The result of Northern hybridization of arginine 
kinase was consistent with that in dot-blot hybridization in which the expression was 
lower at stage III and V than stage I. 
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ATGAACCCCAACAACACTGTGTTCGACGCCAAGCGTCTTATCGGACGCAAGTTCGACGAC 2 4 0 
GCCACCGTCCAGAGCGACATGAAGCACTGGCCCTTCACCATCGTGAACGAAAGCACGAAG 300 
CCCAAGATCCAGGTGGAGTACAAGGGCGACAAGAAGACCTTCTACCCTGAGGAGATCTCT 360 




















GACGCCGAGAAGTACAAGGCTGACGATGAAAAGCAGAGAGAC CGTATTTCCGCTAAGAAC 1 6 2 0 
TCCCTCGAGTCCTACTGCTTCAACATGAAATCTACTGTTGAAGATGAGAAGTTCAAGGAT 1680 
AAGATTTCAGAGGAGGACCGAACCAAGATTCTGGAAATGTGCAATGAAGCTATCAAGTGG 1740 




Fig. 3.19. Complete c D N A sequence of the open reading frame of Metapenaeus 
ensis hsc70 gene. 
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Dme-hsc70 MSKAPAVGID LGTTYSCVGV FQHGKVEIIA NDQGNRTTPS YVAFTDTERL 工GDAAKNQVA 60 
Afr-hsp70 MAKAPAIGID LGTTYSCVGV FQHGKVEIIA NDQGNRTTPS YVAFTDTERL IGDAAKNQVA 
Men-hsc70 MSKASAVGID LGTTYSCVGV FQHGKVEIIA NDQGNRTTPS YVAFTDTERL IGDAAKNQVA 
Dme-hsc70 MNPTQTIFDA KRLIGRKFDD AAVQSDMKHW PFEVVSADGK PKIEVTYKDE KKTFFPEEIS 120 
Afr-hsp70 MNPNNTIFDA KRLIGRRFED ATVQSDMKHW PFDVISDGGK PKVQVEFKGE KKTFAPEEVS 
Men-hsc70 MNPNNTVFDA KRLIGRKFDD ATVQSDMKHW PFTIVNESTK PKIQVEYKGD KKTFYPEEIS 
Dme-hsc70 SMVLTKMKET AEAYLGKTVT NAVITVPAYF NDSQRQATKD AGTIAGLNVL RIINEPTAAA 180 
Afr-hsp70 SMILVKMKET AEAYLGSPVS NAVITVPAYF NDSQRQATKD AGAIAGLNVL RIINEPTAAA 
Men-hsc70 SMVLIKMKET AEAYLGATVK DAVVTVPAYF NDSQRQATKD AGTISGLNVL RIINEPTAAA 
Dme-hsc70 lAYGLDKKAV GERNVLIFDL GGGTFDVSIL SIDDGIFEVK STAGDTHLGG EDFDNRLVTH 240 
Afr-hsp70 lAYGLDKKTV GEKNVLIFDL GGGTFDVSIL TIEDGIFEVK STAGDTHLGG EDFDNRLVNH 
Men-hsc70 lAYGLDKKVG GERNVLIFDL GGGTFDVSIL TIEDGIFEVK STAGDTHLGG EDFDNRMVNH 
Dme-hsc70 FVQEFKRKHK KDLTTNKRAL RRLRTACERA KRTLSSSTQA SIEIDSLFEG TDFYTSITRA 300 
Afr-hsp70 FVQEFKRKYK KDIAVNKRAL RRLRTACERA KRTLSSSTQA SIEIDSLFEG IDFYTSITRA 
Men-hsc70 FIQEFKRKYK KDPSENKRSL RRLRTACERA KRTLSSSTQA SVEIDSLFEG IDFYTSITRA 
Dme-hsc70 RFEELNADLF RSTMDPVEKA LRDAKLDKSV 工HDIVLVGGS TRIPKVQRLL QDLFNGKELN 360 
Afr-hsp70 RFEELCADLF RGTLEPVEKS LRDAKMDKGS VHEIVLVGGS TRIPKIQKLL QDFFNGKGLN 
Men-hsc70 RFEELCADLF RGTLEPVEKS LRDAKMDKAK IHDIVLVGGS TRIPKIQKLL QDFFNGKELN 
Dme-hsc70 KSINPDEAVA YGAAVQAAIL HGDKSQEVQD LLLLDVTPLS LGIETAGGVM SVLIKRNTTI 420 
Afr-hsp70 KSITQDEAVA YGAAVQAAIL HGDKSEAVQD LLLLDVAPLS MGIETAGGVM TVLIKRNTTI 
Men-hsc70 KSINPDEAVA YGAAVQAAIL CGDKSEAVQD LLLLDVTPLS LGIETAGGVM TALIKRNTTI 
Dme-hsc70 PTKQTQTFTT YSDNQPGVLI QVYEGERAMT KDNNLLGKFE LSGIPPAPRG VPQIEVTFDI 480 
Afr-hsp70 PTKQTQTFTT YSDNQPGVLI QVYEGERTMT KDNNLLGKFE LTGIPPAPRG VPQIEVTFDI 
Men-hsc70 PTKQTQTFTT YSDNQPGVLI QVYEGERAMT KDNNLLGKFE LSGIPPAPRG VPQIEVTFDI 
Dme-hsc70 DANGILNVTA LERSTNKENK ITITNDKGRL SKEDIERMVN EAEKYRNEDE KQKETIAAKN 540 
Afr-hsp70 DANGILNVSA VDKSTGRENK ITITNDKGRL SKEEIERMVN DAEKYRAEDE KQREVIAAKN 
Men-hsc70 DANGILNVSA VDKSTGKENK ITITNDKGRL .SKEEIERMVQ DAEKYKADDE KQRDRISAKN 
Dme-hsc70 GLESYCFNMK ATLDEDNLKT KISDSDRTTI LDKCNETIKW LDANQLADKE EYEHRQKELE 600 
Afr-hsp70 SLESYCFNMK STMEDEKFKD KLPEADKNTI LDKCNETIKW LDVNQLAEKE EYEEKQKEIE 
Men-hsc70 SLESYCFNMK STVEDEKFKD KISEEDRTKI LEMCNEAIKW LDGNQLGEKE EYEHKQKEIE 
Dme-hsc70 GVCNPIITKL YQGAGFPPGG MPGGPGGMPG AAGAAGAAGA GGAGPTIEEV DO 652 
Afr-hsp70 KVCNPIITKL YGQAGGMLAD SLVVWRSSSG CYCSRCWNRQ WPNYO 647 
Men-hsc70 QVCNPIITKM YGAAGGPPPG GMPGGMGGAA PGGAGTGGSS GPTIEEVDO- 649 
Fig. 3.20. Deduced amino acid sequence alignment of hsc70 in Metapenaeus ensis 
to hsc70 of Drosophilia melanogaster and hsp70 of Artemia franciscana. 
Dme-hsc70: deduced amino acid sequence of Drosophilia melanogaster (GI number: 
17737967); Afr-hsp70: deduced amino acid sequence of Artemia franciscana (GI 
number: 16611913). 
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Fig. 3.21. Differential expression of glyceraldehyde-3 -phosphate dehydrogenase 
( G A P D H ) revealed in Northern hybridization. 25 \ig of R N A from Metapenaeus 
ensis ovary at stages I to V was loaded into 1 % formaldehyde denaturing gel (a), 
transferred to nylon membrane and hybridized with DIG-labeled probe of G A P D H 
gene. The hybridization signal was detected by film development for 2 min (b). 
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Fig. 3.22. Differential expression of arginine kinase revealed in Northern 
hybridization. 25 |ig of R N A from Metapenaeus ensis ovary at stages I to V was 
loaded into 1 % formaldehyde denaturing gel (a)，transferred to nylon membrane and 
hybridized with DIG-labeled probe of arginine kinase gene. The hybridization 
signal was detected by film development for 22 min (b). 
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3.3.8.8 High mobility group 1-like protein (HMGl-like protein) 
Like the result of dot-blot hybridization, the expression of HMGl-like protein 
revealed in Northern hybridization was the highest at stage I and then gradually 
decreased as maturation proceeded (Fig. 3.23). Besides, two fragments of R N A 
were detected by c D N A probe of HMGl-like protein indicating another structurally 
related gene with sequence similar to HMGl-like protein. The size of c D N A of 
HMGl-like protein is approximately 820 bp (Fig. 3.11). 
3.3.8.9 Nucleoside diphosphate kinase 
Different from the result of dot-blot hybridization in which the expression was 
the highest at intermediate stage of maturation, the expression of nucleoside 
diphosphate kinase shown in Northern hybridization maintained high from stage I to 
stage III. After stage III, the expression gradually decreased and kept at constant 
level at the end of maturation (Fig. 3.24). The size of c D N A of nucleoside 
diphosphate kinase is approximately 780 bp (Fig. 3.11). The results of Northern blot 
analysis for the eight genes are summarized in Table 3.4. 
3.4 Discuss ion 
3.4.1 RAP-PCR and dot-blot hybridization 
Homology search 
The molecular mechanisms that control ovarian maturation of crustacean have 
seldom been investigated. In the present study, molecular changes of ovary in the 
penaeid shrimp, Metapenaeus ensis during maturation were studied by identification 
of differentially expressed genes at different maturation stages. In the result of 
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Fig. 3.23. Differential expression of high mobility protein 1-like protein 
(HMGl-like protein) revealed in Northern hybridization. 25 |ig of R N A from 
Metapenaeus ensis ovary at stages I to V was loaded into 1 % formaldehyde 
denaturing gel (a), transferred to nylon membrane and hybridized with DIG-labeled 
probe of gene encoding HMGl-like protein. The hybridization signal was detected 
by film development for 1 hour (b). 
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Fig. 3.24. Differential expression of nucleoside diphosphate kinase revealed in 
Northern hybridization. 25 jag of R N A from Metapenaeus ensis ovary at stages I to 
V was loaded into 1 % formaldehyde denaturing gel (a), transferred to nylon 
membrane and hybridized with DIG-labeled probe of gene encoding nucleoside 
diphosphate kinase. The hybridization signal was detected by film development for 
5 min (b). 
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Table 3.4. Summary of Northern analysis results of differentially expressed genes. 
Differentially expressed gene Expression pattern in Northern 
analysis 
I II III IV V 
Translationally controlled tumor protein +++ + + + + 
Cytoskeletal actin ++ ++ + + + 
Keratin + + +++ +++ + 
Heat shock cognate 70 +++ ++ + + + 
Glyceraldehyde-3 -phosphate dehydrogenase +++ + + + + 
Arginine kinase +++ +++ + ++ + 
High mobility group 1-like protein +++ + + + + 
Nucleoside diphosphate kinase +++ +++ +++ ++ ++ 
The degree of expression at each maturation stage is represented by the number ‘+’ 
sign. 
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dot-blot hybridization, about 14% of genes studied were shown to be differentially 
expressed during ovarian maturation. After D N A sequencing, 47% of differentially 
expressed genes showed a significant similarity with known sequences. Most of 
these identified genes encode for highly conserved proteins. The possible reason for 
the observation is that the genome of shrimp has not been extensively studied 
(Lehnert et al., 1999). Up to December 19, 2002, the GenBank contains 8206 
decapod crustacean sequences. Excluding the highly redundant genes such as 
ribosomal R N A genes and repetitive D N A , only 1000-1500 gene sequences from 
decapod crustaceans are presently available in the GenBank. 
Abundant genes 
Among the differentially expressed genes that can be matched with the known 
sequences, 44% belongs to genes such as ribosomal protein genes. Typically, the 
major mass of transcripts (75%) in a typical cell belongs to a small group of genes 
that are abundantly expressed in large amount (Zhang et al., 1997). Most of the 
genes are expressed in less than five transcripts so that they together constitute only 
25% of the mass of total transcripts in a normal cell. Using RAP-PCR, some rare 
genes can be identified by utilizing arbitrarily chosen primer. The proportion of 
abundant genes identified in the present study is much lower than their occurrence in 
the cell. 
False positive 
After confirming the expression pattern of some differentially expressed genes 
by Northern blot analysis, it was found that the result may not the same as the one 
observed in dot-blot hybridization. The incidence of false positive of RAP-PCR is 
about 30-40% in this study. Even the housekeeping gene, elongation factor 1 a , was 
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found to have a differential expression pattern in dot-blot hybridization (Table 3.3). 
A high proportion of false positives was often observed in RAP-PCR studies (Wang 
and Rowley, 1998; Nagel et al., 1999, 2001; Bongrazio et al” 2001). The 
occurrence of false positives of this PCR-based screening technique is as high as 
40-90% (Bongrazio et al., 2001). The main possible reason for the false positive 
generated with this approach may be the fact that conditions for RAP-PCR such as 
number of amplification cycle, template amount and concentration of primers and 
M g C b have not been optimized (Bongrazio et al., 2001). Moreover, many false 
positives were contributed by ribosomal protein genes because of their high 
abundance (Nagel et cd., 2001). To improve the accuracy of RAP-PCR, ribosomal 
protein genes can be distinguished by pre-screening with probes of ribosomal protein 
genes during dot-blot hybridization. 
Target genes 
Some genes that are highly related to ovarian maturation of crustaceans, such as 
genes encoding vitellogenin and reproductive hormones, have not been identified in 
the present study. There are some possible reasons. First, the active synthesis of 
vitellogenin during maturation may reside in other metabolic sites of shrimp such as 
hepatopancreas (Yang et al., 2000; Tseng et al., 2001). Hence, vitellogenin gene is 
not expressed in the ovary. Secondly, there may be a lack of competence of the 
arbitrarily chosen primer to the genes of interest so that they not been amplified and 
subsequently identified during dot-blot hybridization. Thirdly, as the number of 
genes expressed in a typical cell is so large (100,000 genes), it is not surprising that a 
particular gene such as vitellogenin gene has not been identified although it is highly 
expressed during maturation (Welsh et al., 1995). Nevertheless, among the genes 
identified in the present study, most have not been reported to be involved in 
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crustacean reproduction. Thus, this study provides new information on gene 
expression profile during ovarian maturation. 
3.4.2 Functions of differentially expressed genes in ovarian maturation 
3.4.2.1 Translationally controlled tumor protein (TCTP) 
General functions of TCTP 
Translationally controlled tumor protein (TCTP) (also referred to as histamine 
releasing factor (HRP), protein p21 or p23) was first identified as a tumor protein in 
sarcoma cells and erythroleukaemia cells of mouse (Yenofsky et al., 1982; 1983). 
Subsequently T C T P has been found to occur in all normal cell types and is actually a 
widely expressed protein. The c D N A sequence of TCTP is highly conserved among 
all eukaryotic phyla. The characteristics of ubiquitous expression and high 
conservation of TCTP implicates the important vital cellular function of T C T P in 
organisms. The reported biological functions of TCTP include 1) to act as 
IgE-dependent histamine releasing factor by the involvement of certain allergic 
diseases (MacDonald et al., 1995; Thiele et al., 2000); 2) to act as calcium-binding 
protein (Garrigos et al., \99\;Xu et al,, 1999); 3) to respond to metal pollution such 
as Pb, Zn, Cb and Cu (Sturzenbaum et al., 1998); 4) to be the target of antimalarial 
drug artemisinin (Bhisutthibhan et al., 1998); and 5) to act as tubulin-binding protein 
(Gachet et al., 1999). The regulation of TCTP is at both transcriptional and 
translational level. Moreover, TCTP has a property of self-interaction and this may 
be related to its biological function (Yoon et al., 2000). 
In addition, TCTP is functionally related to growth processes. Synthesis of 
T C T P transcripts was high in active proliferating cells of Hydra vulgaris (Yan et al., 
2000). Gachet et al. (1999) demonstrated that TCTP appeared in cells during active 
division state but not in resting state. TCTP was localized in the microtubules of cell 
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during metaphase of the cell cycle. Moreover, the amino acid distribution of T C T P 
was found to be similar to part of the tubulin binding domain of the 
microtubule-associated protein (MAP). TCTP has been shown to be 
immuno-precipitated by anti-tubulin antibodies. Hence, Gachet et al” (1999) 
suggested that T C T P binds to tubulin and associates with microtubules during active 
cell division. 
Speculation on functions of TCTP in ovarian maturation ofM. ensis 
In the present study, m R N A transcription of TCTP was found to be highest in 
ovary of M. ensis at stage I of maturation (immature stage). It seems that TCTP 
plays an important role in the early phase of maturation in M. ensis ovary. At this 
stage, the ovary of M. ensis is invisible externally through the mid-dorsal exoskeleton. 
Upon dissection, the ovary appears as a transparent and thin organ along the 
mid-dorsal region. The value of GSI at this stage is below 2%. Regarding the 
oocyte development in stage I ovary, previtellogenic oocytes were observed in 
Penaeus mono don indicating active R N A synthesis (Tan-Fermin and Pudadera, 1989). 
Moreover, proliferation of oogonia and subsequent meiotic division occur actively in 
the germinal zone of ovary of female decapods at this stage (Krol et al., 1992). 
Hence, high transcription of TCTP observed in the present study may be essential in 
assisting assembly, stability and proper function of microtubules and mitotic spindle. 
When maturation begins, meiosis of oocytes temporally arrests at meiotic prophase I 
and vitelloginin is actively deposited into oocytes. The nuclei of oocytes greatly 
diminish in size. This agrees with our result of low expression of TCTP observed at 
stage II to V. Meiotic division progresses only when oocytes are fully mature and 
ovulated. 
As synthesis of TCTP is induced by some factors such as heavy metal pollutants 
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(Sturzenbaum et al., 1998), normal cell shape and cell function would be distorted by 
the over-expression of T C T P (Gachet et al., 1999). Concerning ovarian maturation 
of M. ensis, over-expression of T C T P may alter the proper oocyte development and 
subsequent maturation. Significance of the finding in present study can only be 
assessed when more is known about the molecular functions of TCTP. 
3.4.2.2 Cytoskeletal actin 
Cytoskeletal actin is highly conserved protein that is ubiquitously expressed in 
all eukaryotic cells. Cytoskeletal actin is the basic monomer of microfilament which 
is extensively involved in maintenance of cell shape, cell movement and cell division. 
As cell division progresses, high expression of actin and organization of cytoskeleton 
is necessary. This coincides to the result of high expression of actin at stage I of 
maturation in M. ensis. 
3.4.2.3 Keratin 
Although there is no significant sequence homology searched by program 
B L A S T X in NCBI, the result by program WU-blastx from swall database on one of 
the differentially expressed genes shows homology to keratin protein. Cytokeratin is 
one of the protein constituents of intermediate filaments which are the principal 
cytoskeleton involved in structural cell support and cell shape maintenance. Unlike 
microtubules and microfilaments, intermediate filaments are the most stable and least 
elastic cytoskeleton that serves as an internal scaffold for eukaryotic cell. From the 
result of Northern hybridization, keratin gene was significantly expressed in oocytes 
of M. ensis with the highest expression level at stages III to IV indicating the 
important role of keratin during oocyte maturation. Because of the active deposition 
of yolk granules in oocytes during vitellogenesis, size increment of oocytes is most 
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pronounced at stages III and IV of maturation. A modification of cytokeratin is 
required for maintaining the structural framework of the enlarged oocytes (Plancha, 
1996). Moreover, keratin has been reported to be structurally related to the egg 
capsule protein (Rapoport and Shadwick, 2002), revealing the importance of 
up-regulation of keratin expression during oocyte maturation. 
3.4.2.4 Heat shock cognate 70 kD protein (hsc70) 
Complete cDNA sequence ofhscVO 
In this study, the full length c D N A sequence encoding hsc70 was determined by 
5' R A C E . The open reading frame of hsc70 in M. ensis has 1947 bp encoding for 
649 amino acid residues. As revealed in the alignment of hsc70 from Metapenaeus 
ensis to other species, the sequence of hsc70 is highly conserved revealing the 
important function of this protein. The deduced amino acid sequence of hsc70 from 
Metapenaeus ensis shares 79% identity to hsc70 of the fruit fly, Drosophila 
melanogaster and 82% to hsp70 of the brine shrimp, Artemia franciscana. Apart 
from these two most related species, the m R N A identified in the present study showed 
high homology to hsc70 of many organisms. The m R N A is identified as hsc70 but 
not the inducible hsp70 by the hybridization study with probe to individual shrimp. 
This is the first report of complete hsc70 c D N A sequence in decapod crustaceans. 
General functions ofhscVO 
During ovarian maturation of Metapenaeus ensis, the expression of heat shock 
cognate 70 kD protein was found to peak at stage I of maturation. Heat shock 
cognate 70 kD protein (hsc70) is widely known as an important protein for cellular 
growth, acting as a molecular chaperone and constitutively expressed in all cells 
maintained under normal growth conditions (Georgopoulos and Welch, 1993). 
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Generally, hsc70 is functionally involved in protein maturation. It acts as a 
molecular chaperone during protein synthesis by participating in protein folding, 
assembly and translocation. A correct folding of a newly synthesized protein is 
essential for its proper biological function. Hsc70 recognizes nascent proteins and 
facilitates the correct tertiary and quaternary structure formation of proteins (Pelham, 
1990; Gething and Sambrook, 1992; Georgopoulos and Welch, 1993; Hightower et al., 
1994). The misfolding and incorrect aggregations of proteins are prevented by the 
interaction of molecular chaperone such as hsc70 to nascent proteins. Besides, 
appropriate conformation of protein is necessary during protein translocation. Hsc70 
may bind to nascent secretory protein and maintain the protein in an unfolded and 
translocation-competent state for membrane penetration (Brodsky and Schekman, 
1994). During endocytosis, translocated protein is bound by secretory vesicle with 
clathrin triskelions as the major component (Lindquist and Craig, 1988). After 
penetration into target cell compartment, the coating basket is dissembled by clathrin 
uncoating ATPase and subsequent release of translocated protein. It is known that 
the clathrin uncoating ATPase is a member of heat shock protein 70 kD family 
(Chappell et cd., 1986; Chirico et al., 1988; Deshaies et ah, 1988; Lindquist and Craig, 
1988; Pelham, 1990; Gething and Sambrook, 1992). Hsc70 binds to the domain of 
clathrin light chain, stimulates the ATP hydrolysis and hence uncoated the clathrin 
triskelions basket (Braell et al., 1984; DeLuca-Flaherty et al., 1990). 
Speculation on functions ofhsc70 on ovarian maturation ofM. ensis 
There is no doubt that hsc70 performs an important function in cellular growth. 
In the present study, hsc70 was found to express during reproductive cycle of M. ensis 
with the highest level at immature stage. Numerous studies have demonstrated the 
differential gene expression of heat shock related proteins during reproductive 
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processes, such as yeast sporulation (Kurtz et aL, 1986), mouse spermatogenesis 
(Allen et al” 1988; Zakeri et al., 1988), fruit fly oogenesis (Zimmerman et al, 1983) 
and amphibian oogenesis (Billoud et al., 1993). These results have shown that a 
specific subset of heat shock gene is expressed during a limited period in 
gametogenesis and germ cell development. Moreover, high expression of hsc70 is 
usually found in growing cells but not in resting cells (Pelham, 1986). It is known 
that ovary is one of the fast growing organs in crustaceans during the reproductive 
cycle with highest rate of D N A replication and cell differentiation at early stage of 
maturation (Krol et al,, 1992). Morimoto and Milarski (1990) have reviewed the 
expression of vertebrate hsp70/hsc70 in unstressed conditions. They pointed out that 
hsp70/hsc70 is up-regulated during cell development and differentiation. High 
expression of hsp70/hsc70 was found in cells of active D N A replication. 
Accumulation of hsp70/hsc70 transcripts was also found in highly differentiated cells 
such as spermatocytes. Although their discussion mainly focuses on vertebrates, 
similar phenomenon may occur in invertebrates because of the highly conserved 
nature of hsc70 gene structure. 
Besides, it is interesting that hsc70 protein has the ability to associate and form 
complex with some tumor proteins such as mitogen p53 (Pinhasi-Kimhi et al., 1986). 
This implies the involvement of hsc70 in the regulation of cell proliferation. 
Whether hsc70 also has the ability to associate with the growth-related protein TCTP 
in M. ensis remains a matter of speculation. However, there is no doubt that hsc70 is 
implicated in cell of active proliferation and multiplication. Hsc70 may participate 
in the stabilization of newly synthesized proteins in M. ensis at early stage of ovarian 
maturation. The high expression of hsc70 at stage I may relate to cell differentiation 
and facilitation of the assembly of morphogenetic structure of oocytes. Besides, as 
hsc70 is responsible for the ATPase activity of clathrin uncoating during endocytosis, 
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extrinsic molecules such as reproductive hormones may enter the oocytes by the 
assistance of hsc70. Hsc70 transcripts are enriched in cells active in endocytosis 
(Perkins et al., 1990). Regarding the potential function of hsc70 on signal 
transduction, numerous studies have shown that hsc70 is one of the important 
components of steroid receptors such as progesterone receptor (Kosano et al” 1998), 
glucocorticoid receptor (Pratt and Dittmar, 1998; Rajapandi et aL, 2000) and 
ecdysone receptor (Arbeitman and Hogness, 2000). These steroid receptors are 
formed in complex form which requires hsc70 as one of the complex components to 
maintain the hormone binding activity. Whether these findings correlate with 
hormone receptor formation in shrimp requires further investigation. 
In addition, recent studies on the genomic structure of vitellogenin gene in 
Metapenaeus ensis have revealed that the promoter sequence of vitellogenin gene 
seems to correlate to heat shock-related protein (S.M. Chan, personal communication). 
It is postulated that the expression of vitellogenin gene may be regulated by the 
binding of heat shock-related protein. This postulation coincides to the present 
result that hsc70 is highly expressed during the previtellogenic stage (stage I) if hsc70 
has the ability to bind to vitellogenin gene and suppress its expression. This 
postulation could be pursued in further study like gel retardation assay 
(electrophoretic mobility shift assay) to determine whether hsc70 has DNA-binding 
ability to vitellogenin gene. Using this technique, it is possible to determine the 
binding specificity of hsc70 to vitellogenin gene. In principle, specific proteins 
would bind to radiolabeled D N A sequences during binding reaction and the mobility 
of the protein-DNA complex would be retarded during electrophoresis producing a 
discrete band on gel (Kako et al., 1998). 
3.4.2.5 Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 
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Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) is one of the commonly 
used endogenous reference genes for R N A normalization. However, in the present 
study, G A P D H was found to be differentially expressed during ovarian maturation. 
Some studies have also indicated that differential expression level of endogenous 
reference genes occurs between different cell types such as human helper T cells 
(Hamalainen et al, 2001). As revealed in Northern hybridization, the expression of 
G A P D H is highest at stage I while expression declines at stages II to V. G A P D H is 
one of the key enzymes in glycolytic pathway in which G A P D H catalyzes the 
oxidation of glyceraldehyde-3-phosphate to 1,3-bisphosphoglycerate and at the same 
time the reduction of N A D + to N A D H . The final product of glycolysis, pyruvate, 
enters mitochondria and binds to coenzyme A forming acetyl coenzyme A and 
initiates the T C A cycle. Hence, the high expression of G A P D H at stage I of 
maturation indicates the importance of ATP synthesis during this stage. The 
products from glycolysis and the ATP molecules generated may be necessary for 
consumption in stage I ovary. Alternatively, the products produced prepare the 
ovary for the following stages. From stage II onwards, vitellogenesis initiates and 
oocytes are further differentiated. Organelles such as rough endoplasmic reticulum 
and mitochondria are not apparent at vitellogenic stage (Mohamed and Diwan, 1994). 
Energy supply may rely more on mitochondria in the surrounding follicle cells. It is 
consistent with the high expression of arginine kinase during stage II and stage IV that 
dephosphorylates phosphoarginine (buffer of ATP) for ATP generation. 
3.4.2.6 Arginine kinase 
Arginine kinase is a member of phosphagen kinase that is widely distributed in 
invertebrates. Generally, this enzyme reversibly catalyzes the dephosphorylation of 
phosphoarginine and transfers the phosphoryl group to adenosine diphosphate (ADP), 
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generating a molecule of adenosine triphosphate (ATP). Hence, arginine kinase is 
mostly located in energy-demanding cells. As the site of ATP synthesis 
(mitochondria) is distant from the site of utilization in some cell types, arginine kinase 
functions as an energy shuttle that delivers ATP generated from mitochondria to the 
site of ATP consumption. Like creatine kinase, ATP generated in the mitochondria is 
immediately transphosphorylated to phsophoarginine which is then transported and 
utilized by energy-requiring cells that contain arginine kinase (Bessman and Carpenter, 
1985; Tombes and Shapiro, 1989). Moreover, cytosolic arginine kinase also 
functions in buffering the ATP supply during short burst of energy demand in cells 
(Wallimann et al, 1992). 
It seems that the energy requirement of cells is revealed in the expression level of 
arginine kinase. High expression level of arginine kinase at stages I, II and IV 
indicates that ovarian maturation of Metapenaeus ensis is a high energy-demanding 
process. Moreover, the differential expression pattern of the gene, arginine kinase 
implies the fluctuating energy demand during maturation. In the present study, the 
expression level of arginine kinase in ovary of Metapenaeus ensis is high at stages I 
and II. After a slight decline of expression at stage III, the level of arginine kinase 
expression elevated at stage IV. A drop of expression was observed again at stage V. 
The high expression of arginin kinase at stages I and II indicates the high 
energy-demand in ovary of Metapenaeus ensis during cell multiplication, proliferation 
and initial stage of maturation. A short burst of energy supply may be required 
during the late phase of vitellogenesis and preparation of spawning. 
3.4.2.7 High mobility group 1-like protein (HMGl-like protein) 
HMGl-like protein (high mobility group 1 protein, H M G l ) is a ubiquitous and 
highly conserved nuclear protein that has been reported to serve as a repressor on the 
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transcription by R N A polymerase II (Ge and Roeder, 1994). The initiation of R N A 
polymerase II transcription in eukaryotic cells requires a series of transcriptional 
factors assembly. The first binding transcription factor, TFIID, has an principal 
subunit called TATA-binding protein (TBP) which is responsible for recognizing and 
binding to the TATA box D N A sequence. Hence, TBP is a basal transcriptional 
factor and the regulation of T B P binding to TATA box is considered as the important 
determinant in gene transcription. H M G l binds to TBP to form a HMGl/TBP/TATA 
complex which inhibits the assembly of other transcriptional factors on D N A (Das 
and Scovell, 2001). H M G l can inhibit R N A polymerase II transcription over 
30-fold (Ge and Roeder, 1994). 
The present study has identified an important repressor on the basal regulation of 
transcription in crustacean reproduction. Moreover, it is likely that this 
transcriptional regulation is maturation stage-specific. H M G l is highly expressed at 
stage I of maturation in Metapenaeus ensis indicating that one or more 
maturation-related gene is transcriptionally repressed in stage I ovary and activated 
once maturation progresses. 
3.4.2.8 Nucleoside diphosphate kinase 
In the result of Northern blot analysis, the expression ol nucleoside diphosphate 
kinase was found to be high at stages I to III while the expression declined at stage IV 
and kept at low level at stages IV to V. 
Nucleoside diphosphate kinase, also known as Nm23 protein, is highly 
conserved in both prokaryotes and eukaryotes. This enzyme is functionally a 
hexamer and different subunits of nucleoside diphosphate kinase are encoded by 
several homologous genes (Ouatas et al., 1997). The diversification of encoding 
genes may explain the observation that some genes seem lo encode for the same 
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protein but have different expression pattern during dot-blot hybridization. 
Generally, nucleoside diphosphate kinase is responsible for catalyzing the transfer of 
terminal phosphate of nucleoside triphosphate to nucleoside diphosphate (Kim et al., 
2000). Moreover, nucleoside diphosphate kinase has a sequence-specific 
DNA-binding property (Agou et al., 2000) and has the activity to specifically cleave 
D N A sequence (Postel et al., 2000). It is likely that nucleoside diphosphate kinase 
functions in D N A transaction and regulation of gene expression by its DNA-binding 
property (Postel et al., 2000). 
Interestingly, nucleoside diphosphate kinase has been suggested to be an oocyte 
maturation-inhibiting factor in Xenopus laevis (Kim et al., 2000). In this study, 
overexpression of N m 2 3 (nucleoside diphosphate kinase) in oocytes of Xenopus 
laevis was stimulated by injection of N m 2 3 m R N A into oocytes. 3-fold increase of 
the endogenous N m 2 3 protein expression level was shown to be sufficient in 
inhibiting oocyte maturation. Occurrence of germinal vesicle break down (GVBD) 
was delayed in modest overexpression of N m 2 3 while 25-50% inhibition of the 
occurrence of G V B D was demonstrated in excessive expression of Nm23. As 
G V B D is a key characteristic of oocyte maturation and OL curs at the onset of late 
maturation, decline of nucleoside diphosphate kinase expression observed at stage IV 
(late mature) to V (ripe) in the present study coincides to lae maturation-inhibitory 
function of this enzyme. That the decline of expression from stage III to IV was not 
tremendous was consistent with the result from Kim et al. (2000) that about 3-fold 
increase of nucleoside diphosphate kinase level could inhibit ihe occurrence of G V B D . 
It is likely that nucleoside diphosphate kinase is implicated ii . the regulation of oocyte 
maturation in Metapenaeus ensis especially during late iii ituration. However, the 
mechanism of regulation requires further functional study of this enzyme. 
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3.4.3 Speculation on the molecular changes in ooctyes during ovarian maturation 
To summarize, genes identified to be differentially expressed in ovary of 
Metapenaeus ensis during maturation include cytoskeletal proteins, enzymes involved 
in ATP synthesis, chaperones, transcriptional factors ana ribosomes. Taken the 
results together, the molecular changes of oocyte durin^ ovarian maturation in 
Metapenaeus ensis are speculated as follows. 
During the course of ovarian maturation, assembly and organization of 
cytoskeleton occur to accomplish cell division, growth and ciifferentiation in oocytes. 
Cytoskeleton serves as a framework for organelles position mg in cytosol, chromatin 
movement and cell shape maintanence. If the major function of T C T P in shrimp 
ovary is involved in microtubule assembly, a compleie understanding on the 
organization of various kinds of cytoskeleton (microtiib les, microfilaments and 
intermediate filaments) is attained. During stage I of matiir tion which is believed to 
exhibit active cell division and R N A synthesis in oocytes microtubules acting as 
mitotic spindles are necessary to direct the movement of cli omatin. The process of 
microtubule assembly is facilitated by microtubule-assoc ated protein, indicating 
TCTP. Actin forming microfilaments are also implicate J in the course of cell 
division. When maturation proceeds, oocytes grow rapidi by active vitellogenesis 
as a result of dramatic expansion of cell size and change in cell shape. The shape of 
oocytes is stabilized by intermediate filaments of which ytokeratin is one of the 
protein components. Keratin protein may also involve in egg envelope formation. 
Hence, the onset, progression and completion of oocyk maturation require the 
organization of different cytoskeletal structures (Allworth r； d Albertini, 1993; Gard, 
1999). 
Hsc70 transcripts elevate at stage of active D N A replica on and cell proliferation. 
Hsc70 is believed to act as molecular chaperone to faciliu e the folding of nascent 
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proteins. Hsc70 may also be involved in the endocytosis ( f reproductive hormones 
into oocytes. Various enzymes such as G A P D H and c rginine kinase for ATP 
synthesis are demanded for active cell activities at early suige of maturation. The 
ATP generated may also serve as a buffer in the energy Lirst during late phase of 
maturation. 
Besides, the onset and the progress of maturation are i Lpressively regulated by a 
number of transcriptional factors. High mobility group 1 ] otein is a transcriptional 
repressor by binding to the TATA-binding protein during ir,义NA transcription. It is 
likely that high mobility group 1 protein regulates the c set of vitellogenesis by 
inhibiting the transcription of maturation-related gene. Besides, hsc70 seems to be 
implicated in the transcription of vitellogenin gene b.、i more studies on the 
DNA-binding ability of hsc70 is necessary. On the other he, ,id, nucleoside phosphate 
kinase, which generally has a DNA-binding ability and ii /olved in transcriptional 
regulation, was found to be implicated in the control o late maturation. High 
expression of nucleoside diphosphate kinase inhibits th. occurrence of G V B D . 
However, the mechanisms of nucleoside diphosphate kinas binding and subsequent 
inhibition on the transcription are unknown. 
It seems that most of the genes identified are highl} expressed at stage I of 
maturation. It has generally been believed that molecular l langes would occur most 
dramatically from stage II to stage IV because of the large si ize expansion in oocytes 
at these stages. However, the present study reveals that u.e greatest change occurs 
between stage I and 11. High expression of various types o genes at stage I indicates 
the active synthesis of structural proteins and accessory oteins for cell division, 
proliferation and differentiation at this stage. Oocyte de\ lopment at stage I is so 
called previtellogenic stage that active R N A and protein synthesis take place to 
prepare for vitellogenesis. Hence, stage I is not a i\ ting stage as observed 
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morphologically. Once the oocytes are well developed, itellogenesis initiates at 
appropriate time by removal of repressive transcriptional faaor on maturation-related 
genes. The onset and the progress of maturation seem to 卜 一、regulated by repressive 
transcriptional factors. From stage II onwards, oocyte do not change much 
structurally but quantitatively uptake vitellegenin. Hov ver, it is possible that 
during maturation, huge amount of m R N A s are synthesi/ ；d within oocytes. The 
ratio of R N A amount from follicle cells to that from o〇c. es may decrease during 
maturation. A large portion of newly synthesized mRNA、from oocytes (including 
some c D N A clones isolated from the study) may serve ab maternal R N A s that are 
related to embryonic development but not related to oc jyte maturation. These 
m R N A s confuse the actual fluctuation of gene expression hat is related to ovarian 
maturation. 
Since the ovary development at stage I of maturatio i is important, attention 
needs to be paid on the culture of shrimp at this stage in ^roodstock management. 
The culture regime of shrimp at this stage such as diet and [emperature is important 
and should be properly controlled, otherwise may adverse;： affect the maturation of 
shrimp. 
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Chapter 4 一 General conclusion 
As one of the studies on the hormones in C H H neuropeptide family in penaeid 
shrimp, the level of circulating GIH (tentatively named as such) in hemolymph of 
Metapenaeus ensis during ovarian maturation was investigated by indirect ELISA. 
After optimization, the ELISA system developed in the present study can detect as 
little as 0.2 ng of GIH molecule when tested by recombinant GIH peptide. The 
results show that the circulating GIH level in hemolymph of M. ensis was the highest 
at the immature stage of ovarian development. The level of GIH dropped 
dramatically and maintained low at subsequent stages of ovarian maturation. The 
high level of GIH at the immature stage is consistent with the vitellogenesis-inhibitory 
role of GIH. It is likely that the drop of circulating GIH level initiates the onset of 
vitellogenesis. The present study provides further support on the postulation of the 
neuropeptide c D N A as GIH (Gu, 1998). The present study also provides 
information on the role of GIH in female Metapenaeus ensis during ovarian 
maturation. 
In order to understand the molecular mechanisms of ovarian maturation in 
penaeid shrimp, R N A fingerprinting by arbitrarily primed PCR (RAP-PCR) was used 
to identify genes that are differentially expressed during ovarian maturation in 
Metapenaeus ensis. From a screening of 500 clones in a c D N A library of the shrimp 
ovary by the products of RAP-PCR at different maturation stages, 73 fragments that 
exhibited differentially expressed pattern as revealed by dot-blot hybridization were 
isolated and sequenced. Thirty-five of these fragments show significant sequence 
similarity to known gene products and the differentially expressed pattern of eight 
putative genes were further characterized using Northern hybridization. They 
include translationally controlled tumor protein (TCTP), actin, keratin, heat shock 
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cognate 70 kD protein (hsc70), glyceraldehyde-3-phosphate dehydrogenase (GAPDH), 
arginine kinase, high mobility group 1-like protein (HMGl-like protein) and 
nucleoside diphosphate kinase. 
T C T P and actin were found to be highly expressed at immature stage while 
keratin was highly expressed at mature and late mature stages indicating the 
organization of various cytoskeletal structures at different stages of maturation. 
Transcript of G A P D H was found to be the highest at immature stage while high level 
of arginine kinase expression was observed at early stages of ovarian development as 
well as at late mature stage. The expression patterns of G A P D H and arginine kinase 
reveal a high energy demand during early stages of ovarian development and a short 
burst of energy requirement at late phase of maturation. The high expression level 
of hsc70 at immature stage suggests its function in endocytosis and acting as 
molecular chaperone. High level of transcript of HMGl-like protein at immature 
stage was found to drop dramatically at subsequent stages indicating the repressor 
function of transcriptional regulation on the onset of maturation. The expression 
level of nucleoside diphosphate kinase was high at early and intermediate stages of 
maturation while expression decreased at late mature and ripe stages suggesting the 
transcriptional regulation of late maturation by this enzyme. 
The molecular changes of ovary during maturation were postulated. During the 
course the ovarian maturation, organization of various kinds of cytoskeleton is 
involved to provide framework for organelles positioning, chromatin movement and 
cell shape maintenance. Moreover, molecular chaperone is implicated in stabilizing 
the nascent protein synthesized at the early stage of ovarian development. Various 
enzymes for ATP synthesis are therefore demanded for active cell activities during 
these stages. On the other hand, the onset and the progress of ovarian maturation 
seem to be regulated by repressive transcriptional factors. At present, there is little 
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information concerning the molecular changes of ovary during maturation in 
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